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16&JLYLQJULVHWRWKHGHILQLWLRQ³SDVWXUHDVVRFLDWHGODPLQLWLV´7UHLEHU et al.
E&DUWHU et al.F
 ,QVXOLQVHQVLWLYLW\DQGLQVXOLQUHVLVWDQFH
,QVXOLQLVDSHSWLGHKRUPRQHV\QWKHVL]HGDQGVHFUHWHGE\ȕFHOOVLQWKHLVOHWVRI
/DQJHUKDQV LQ UHVSRQVH WRHOHYDWHGSODVPDJOXFRVHFRQFHQWUDWLRQV7KHPDLQ
PHWDEROLFDFWLRQRILQVXOLQLVWRPDLQWDLQZKROHERG\JOXFRVHKRPHRVWDVLVEXW
LQVXOLQDOVRH[HUFLVHVUHJXODWRU\HIIHFWVRQOLSLGDQGSURWHLQPHWDEROLVPDVZHOO
DVRQYDVFXODUHQGRWKHOLDO IXQFWLRQ :LOFR[ ,QVXOLQ VHQVLWLYLW\ ,6 LV
GHILQHG DV WKH DELOLW\ RI LQVXOLQ WR HQKDQFH JOXFRVH XWLOL]DWLRQ E\ SURPRWLQJ
JOXFRVHXSWDNHLQWRVNHOHWDOPXVFOHDQGDGLSRVHWLVVXHDQGE\LQFUHDVLQJKHSDWLF
JO\FRJHQ VWRUDJH DQG UHGXFLQJ KHSDWLF JOXFRVHSURGXFWLRQ ,QVXOLQ UHVLVWDQFH
GHILQHVDVWDWHLQZKLFKSK\VLRORJLFDOFRQFHQWUDWLRQVRILQVXOLQIDLOWRLQGXFHD
QRUPDOUHVSRQVHLQWKHWDUJHWWLVVXHV.DKQ%HUJPDQ et al.7URXW 
et al.  7R PDLQWDLQ HXJO\FHPLD WKH ȕFHOOV FRPSHQVDWH IRU ,5 E\
LQFUHDVLQJ WKH VHFUHWLRQ RI LQVXOLQ LQWR WKH EORRG VWUHDP UHVXOWLQJ LQ
K\SHULQVXOLQHPLD :LOFR[  +\SHULQVXOLQHPLD FDQ DOVR GHYHORS DV D
FRQVHTXHQFHRIGHFUHDVHGKHSDWLFLQVXOLQFOHDUDQFHDVSDUWRIWKHFRPSHQVDWRU\
UHVSRQVHWR,50LWWHOPDQ et al.(UGPDQQ et al.7RWK et al.
$GHU et al.
,QKXPDQVWKLVFRPSHQVDWHGVWDWHRI,5DOPRVWLQHYLWDEO\SURJUHVVHVWRZDUGV
GHFRPSHQVDWHG,5UHVXOWLQJLQLPSDLUHGJOXFRVHWROHUDQFHDQGW\SH,,GLDEHWHV
PHOOLWXV:DOODFH	0DWWKHZV:LOFR[,QKRUVHVW\SH,,GLDEHWHV
PHOOLWXVLVUDUHDQGWKHȕFHOOV¶DSSHDUWRIXOO\FRPSHQVDWHIRUWKH,5RYHUDORQJ
WLPHSHULRGLHWKHKRUVHUHPDLQVLQDVWDWHRIFRPSHQVDWHG,5$OWKRXJKWKH
PRVW DFFHSWHG WKHRU\ LV WKDW K\SHULQVXOLQHPLD DV SDUW RI WKH ȕFHOOV¶
FRPSHQVDWRU\UHVSRQVH LVUHODWHGWRWKHSUHYDLOLQJ,5%HUJPDQ et al.
+RIIPDQ et al.:LOFR[7RWK et al.LWKDVEHHQVXJJHVWHG
WKDW K\SHULQVXOLQHPLD LV WKH SULPDU\ UHTXLVLWH DQG ,5 WKH FRPSHQVDWRU\ RU
DGDSWLYH UHVSRQVH 6KDQLN et al.  &RUNH\ E &RUNH\ D ,Q
KRUVHVLWKDVUHFHQWO\EHHQSURSRVHGWKDWSRVWSUDQGLDOK\SHULQVXOLQHPLDPLJKW
RFFXUZLWKRXWDQDGDSWLYHGHFUHDVHLQ,6)UDQN	7DGURV
 (TXLQHPHWDEROLFV\QGURPH
$PHWDEROLFV\QGURPHLQHTXLQHVWKH³HTXLQHPHWDEROLFV\QGURPH´(06ZDV
ILUVW SURSRVHG LQ  DQG UHIHUV WR D FOXVWHU RI FOLQLFDO DEQRUPDOLWLHV
SUHGLVSRVLQJKRUVHVDQGSRQLHVIRUODPLQLWLV-RKQVRQ7KHFKDUDFWHULVWLFV
DQG WKH QDPH RI WKH V\QGURPH ZHUH DGRSWHG IURP WKH KXPDQ PHWDEROLF


V\QGURPH ZKLFK LV D FROOHFWLRQ RI ULVN IDFWRUV LQFOXGLQJ FHQWUDO YLVFHUDO
REHVLW\ HOHYDWHG EORRG SUHVVXUH ,5 K\SHULQVXOLQHPLD DQG G\VOLSLGHPLD
DVVRFLDWHGZLWKW\SH,,GLDEHWHVPHOOLWXVDQGFDUGLRYDVFXODUGLVHDVH)XORS et al.
,QDFRQVHQVXVVWDWHPHQWRQ(06ZDVSXEOLVKHGLQZKLFKJHQHUDO
REHVLW\DQGRUUHJLRQDODGLSRVLW\,5IDVWLQJK\SHULQVXOLQHPLDDEQRUPDOLQVXOLQ
UHVSRQVHVWRRUDORULQWUDYHQRXVJOXFRVHDGPLQLVWUDWLRQDQGDSUHGLVSRVLWLRQIRU
ODPLQLWLVZHUHGHVFULEHGDVWKHNH\FRPSRQHQWV'\VOLSLGHPLDK\SHUWHQVLRQDQG
LQFUHDVHG V\VWHPLF LQIODPPDWLRQ ZHUH DOVR GLVFXVVHG DV SRWHQWLDO DGGLWLRQDO
FRPSRQHQWV RI WKH V\QGURPH )UDQN et al.  7KURXJK WKH \HDUV WKH
GHILQLWLRQRIZKLFKPHWDEROLFFKDUDFWHULVWLFVWKDWVKRXOGEHLQFOXGHGLQWKH(06
SKHQRW\SH KDYH YDULHG DQG LW LV VWLOO GHEDWHGZKLFKPHWDEROLF WUDLWV WKDW DUH
LPSRUWDQW IRU WKH GHYHORSPHQW RI ODPLQLWLV /DWHO\ WKH UROH RI SRVWSUDQGLDO
K\SHULQVXOLQHPLDKDVEHHQLQIRFXV$QHZWHUPLQVXOLQG\VUHJXODWLRQ,'ZDV
SURSRVHGLQEDVHGRQWKHK\SRWKHVLVWKDWSRVWSUDQGLDOK\SHULQVXOLQHPLD
PD\ RFFXU LQ KRUVHVZLWKRXW FRQFXUUHQW ,5 )UDQN	7DGURV  ,QVXOLQ
G\VUHJXODWLRQ KDV VLQFH WKHQ EHHQ XVHG WR GHVFULEH KRUVHV H[SUHVVLQJ DQ\
FRPELQDWLRQRI IDVWLQJK\SHULQVXOLQHPLD HOHYDWHG LQVXOLQ UHVSRQVH WRRUDO RU
LQWUDYHQRXVJOXFRVHDGPLQLVWUDWLRQRU,5
$QHFGRWDOO\FHUWDLQEUHHGVRISRQLHVDQGKRUVHVHJ1HZ)RUHVW6KHWODQG
DQG :HOVK 0RXQWDLQ SRQLHV DV ZHOO DV ,FHODQGLF 0RUJDQ DQG $QGDOXVLDQ
KRUVHV PRUH FRPPRQO\ H[KLELW WKH (06 SKHQRW\SH FRPSDUHG WR OLJKWEUHG
KRUVHVHJ7KRURXJKEUHGVDQG6WDQGDUGEUHGV7KHVH(06SUHGLVSRVHGKRUVHV
DUHRIWHQUHIHUUHGWRDV³HDV\NHHSHUV´LQGLFDWLQJWKDWWKH\UHTXLUHDORZHULQWDNH
RI HQHUJ\ FRPSDUHG WR QRUPDO RU ³KDUGNHHSHUV´ WR PDLQWDLQ WKHLU ERG\
FRQGLWLRQ$Q LQKHULWHG SUHGLVSRVLWLRQ IRU(06KDV EHHQ SURSRVHGZKLFK LV
EDVHGRQWKHDVVXPSWLRQWKDWSRQLHVDQGFHUWDLQEUHHGVRIKRUVHVJHQHWLFDOO\KDYH
DGDSWHG WR VXUYLYDO XQGHU FRQGLWLRQV ZLWK ORZ RU OLPLWHG IHHG DYDLODELOLW\
7UHLEHU et al.E0F&XH et al.,QVXSSRUWRIWKLVVHYHUDOVWXGLHV
KDYHIRXQGGLIIHUHQFHVLQ,6DQGSRVWSUDQGLDOLQVXOLQUHVSRQVHVEHWZHHQKHDOWK\
KRUVHVRIGLIIHUHQWEUHHGV%U|MHU et al.%DPIRUG et al.0DQIUHGL
-DFRE et al.
 
Figure 1. 6KHWODQG SRQ\ OHIW ,FHODQGLF KRUVH PLGGOH DQG 6WDQGDUGEUHG ULJKW 7ZR (06
SUHGLVSRVHGEUHHGV6KHWODQGSRQ\DQG,FHODQGLFKRUVHDQGRQHEUHHG6WDQGDUGEUHGWKDWGRHVQRW
FRPPRQO\H[KLELWWKH(06SKHQRW\SH3KRWRV6/LQGnVH.1RVWHOO
  

 (IIHFWVRIREHVLW\RQLQVXOLQVHQVLWLYLW\
2EHVLW\ LV D SDWKRORJLFDO FRQGLWLRQ WKDW DQHFGRWDOO\ KDV EHHQ GHVFULEHG DV D
JURZLQJSUREOHPLQKRUVHVZRUOGZLGH%HWZHHQDQGRIKRUVHVKDYHEHHQ
UHSRUWHG WR EH RYHUZHLJKW RU REHVH LQ GLIIHUHQW SRSXODWLRQ VWXGLHV ZKLFK
FRQILUPV DKLJKSUHYDOHQFHRI REHVLW\ LQ WKH HTXLQHSRSXODWLRQ :\VH et al.
 3UDWW3KLOOLSV et al.  7KDWFKHU et al.  7KH PRVW FRPPRQ
PHWKRGIRUDVVHVVPHQWRIJHQHUDOREHVLW\ LQKRUVHV LVERG\FRQGLWLRQVFRULQJ
%&6XVLQJDVFDOHEHWZHHQDQG+HQQHNH et al.7KLVVXEMHFWLYH
VFRULQJV\VWHPZDVRULJLQDOO\GHYHORSHGIRU4XDUWHUKRUVHVDQGLVWKHUHIRUHQRW
DGMXVWHG IRU XVH LQ RWKHU EUHHGV RU LQ SRQLHV &XUUHQWO\ WKHUH LV QR FOHDU
GHILQLWLRQRIZKDWLVFRQVLGHUHGDVREHVLW\LQKRUVHVDQGSRQLHV'LIIHUHQWVWXGLHV
KDYHXVHGGLIIHUHQW FXWRII OLPLWVRQ WKHSRLQW%&6 VFDOH WRGHILQHJHQHUDO
REHVLW\VWDUWLQJDWJUDGHDQGDERYH7UHLEHU et al.E9LFN et al.
%DLOH\ et al.&DUWHU et al.D7KDWFKHU et al.
2EHVLW\KDVEHHQFRQVLGHUHGDNH\IHDWXUHRI(06-RKQVRQDQGDQ
LPSRUWDQWULVNIDFWRUIRUGHYHORSPHQWRIODPLQLWLV7UHLEHU et al.E&DUWHU 
et al. F ,Q D VWXG\ RI  KRUVHV DQG SRQLHV ZLWK SDVWXUH DVVRFLDWHG
ODPLQLWLV WUHDWHGDWD ILUVWRSLQLRQKRVSLWDO LQ WKH8. LWZDV IRXQG WKDW
ZHUHRYHUZHLJKWRUREHVH0HQ]LHV*RZ et al.6HYHUDOVWXGLHVKDYHDOVR
IRXQG DQ DVVRFLDWLRQ EHWZHHQ REHVLW\ DQG ,5K\SHULQVXOLQHPLD LQ KRUVHV DQG
SRQLHV+RIIPDQ et al.)UDQN et al.9LFN et al.+RZHYHU
K\SHULQVXOLQHPLD KDV DOVR EHHQ GHWHFWHG LQ OHDQ SRQLHV %DLOH\ et al. 
%RUHU et al.  DQGREHVLW\KDVEHHQREVHUYHG LQKRUVHV DQGSRQLHVZLWK
QRUPDO,6&DUWHU et al.D8QJUX et al.7KLVLPSOLHVWKDWREHVLW\LV
QRWDOZD\VUHODWHGWRK\SHULQVXOLQHPLDDQG,5LQKRUVHV
7KHSRWHQWLDOHIIHFWRIREHVLW\HOLFLWLQJ,5KDVEHHQH[SORUHGLQZHLJKWJDLQ
DQGZHLJKW ORVV VWXGLHVRIKRUVHVDQGSRQLHV$ZHLJKWJDLQ LQ$UDELDQ
JHOGLQJVZDVDVVRFLDWHGZLWKGHFUHDVHG,6&DUWHU et al.EZKHUHDVD
ZHLJKWJDLQLQ7KRURXJKEUHGJHOGLQJVGLGQRWDOWHU,64XLQQ et al.$
 0F*RZDQ et al.  RU  8QJUX et al.  UHGXFWLRQ LQ ERG\
ZHLJKW%:LPSURYHG,6LQREHVHDQG,5SRQLHVDQGKRUVHV+RZHYHUSRQLHV
DQGKRUVHVLQWKHVHVZHLJKWORVVVWXGLHVZHUHDOVRVXEMHFWHGWRDORZLQWHQVLW\
H[HUFLVHSURJUDPZKLFKPLJKWKDYHLQIOXHQFHG,6
,QFUHDVHGUHJLRQDODGLSRVLW\HVSHFLDOO\ZKHQGHSRVLWHGDORQJWKHFUHVWRIWKH
QHFNRIKRUVHVDQGSRQLHVKDVDOVREHHQVXJJHVWHGWREHDVVRFLDWHGZLWK,5DQG
ODPLQLWLV-RKQVRQ)UDQN et al.7UHLEHU et al.E'XULQJ
DFUHVW\QHFNVFRULQJV\VWHP&16ZDVGHYHORSHGIRUDVVHVVPHQWRIORFDOIDW
GHSRVLWLRQRQWKHQHFNRIKRUVHVDQGSRQLHV&DUWHU et al.D7KH&16KDV
D VFDOHRI WRZKHUHD VFRUHRI LVGHILQHGDVD³FUHVW\QHFN´ LH DQ
DEQRUPDOIDWDFFXPXODWLRQLQWKHQHFNDUHD


 (IIHFWVRIGLHWRQLQVXOLQVHQVLWLYLW\DQGSRVWSUDQGLDO
LQVXOLQUHVSRQVH
'LHWDU\ PDQDJHPHQW SURYLGHV WKH FRUH LQ WKH FRQWURO DQG SUHYHQWLRQ RI ,5
K\SHULQVXOLQHPLDDQGODPLQLWLVLQKRUVHVDQGSRQLHV6HYHUDOVWXGLHVLQKRUVHV
KDYH VKRZQ DQ DVVRFLDWLRQ EHWZHHQ DGDSWDWLRQ WR GLHWV ULFK LQ 16& DQG
SRVWSUDQGLDOK\SHULQVXOLQHPLD:LOOLDPV et al.3UDWW et al.9HUYXHUW 
et al.6XDJHH et al.3UDWW3KLOOLSV et al.DQGGHFUHDVHG,6
+RIIPDQ et al. 7UHLEHU et al. D3UDWW et al. 3RVWSUDQGLDO
K\SHULQVXOLQHPLDLVRIWHQREVHUYHGLQSRQLHVZLWKDSUHYLRXVKLVWRU\RIODPLQLWLV
GXULQJSDVWXUHSHULRGVZKHQWKH16&FRQWHQWRIJUDVVLVKLJK+HVV et al.
7UHLEHU et al. E %DLOH\ et al.  7UHLEHU et al.  7KH PDMRU
SUREOHPZLWKWKHJUD]LQJSHULRGLVWKDWIHHGLQWDNHLVQRWUHVWULFWHGDQGIHHGLV
FRQVXPHGRQDQDOPRVWFRQWLQXRXVEDVLV0F,QWRVK
7KHIUHTXHQWRFFXUUHQFHRIFOLQLFDOFDVHVRIODPLQLWLVGXULQJSDVWXUHKDVEHHQ
DWWULEXWHGWRWKHHIIHFWRIXQOLPLWHGLQWDNHRIJUDVVULFKLQ16&FDXVLQJIXUWKHU
GHWHULRUDWLRQLQ,5DQGSRVWSUDQGLDOK\SHULQVXOLQHPLDLQKRUVHVZLWKDFKURQLF
VWDWHRI,5+HVV et al.7UHLEHU et al.E7UHLEHU et al.&DUWHU 
et al.F2QHSUHYLRXVVWXG\KDVVKRZQWKDWSRQLHVZLWKUHFXUUHQWHSLVRGHV
RIODPLQLWLVZHUHK\SHULQVXOLQHPLFDQG,5GXULQJVXPPHUEXWQRWGXULQJZLQWHU
FRPSDUHG WR FRQWURO SRQLHV %DLOH\ et al. %RWK JURXSV RI SRQLHV KDG
QRUPDO%&6ZKLFKVXSSRUWVWKHSURSRVHGHIIHFWRI16&ULFKGLHWVRQDOWHUDWLRQV
LQ,6LQWKHDEVHQFHRIREHVLW\
7KHUH LV PRXQWLQJ HYLGHQFH VXSSRUWLQJ WKH DYRLGDQFH RI JUDLQEDVHG
FRQFHQWUDWHIHHGVDQGXQOLPLWHGDFFHVVWRSDVWXUHJUDVVLQWKHPDQDJHPHQWDQG
SUHYHQWLRQRIODPLQLWLVLQKRUVHVDQGSRQLHV+RZHYHUWKHDYDLODEOHLQIRUPDWLRQ
DERXW WKHHIIHFWRI16&FRQWHQW LQIRUDJHRQSRVWSUDQGLDO LQVXOLQUHVSRQVHLQ
KRUVHVLVOLPLWHG7KLVLVRILQWHUHVWDV16&FRQWHQWLQIRUDJHPD\YDU\ZLGHO\
9LUNDMlUYL et al.DQGDVIRUDJHFRQVWLWXWHVWKHPDMRUSDUWRIWKHUDWLRQD
ODUJHSURSRUWLRQRIGDLO\16&LQWDNHPD\RULJLQDWHIURPWKHIRUDJH%DVHGRQ
FOLQLFDOH[SHULHQFHDIRUDJHGLHWZLWK±16&RIGU\PDWWHU'0LV
FXUUHQWO\UHFRPPHQGHGIRUKRUVHVDQGSRQLHVZLWK,5DQGUHFXUUHQWHSLVRGHVRI
ODPLQLWLV*HRUD7KHXVHRIWKLVDUELWUDU\FXWRIIYDOXHLVVXSSRUWHGE\
UHVXOWVIURPRQHSUHYLRXVSXEOLVKHGVWXG\%RUJLD et al.LQZKLFKKHDOWK\
TXDUWHUKRUVHVDQGKRUVHVZLWKSRO\VDFFKDULGHVWRUDJHP\RSDWK\ZHUHIHGKD\
GLHWVZLWKGLIIHUHQW16&FRQWHQW5HVXOWVVKRZHG WKDW WKHILYHKHDOWK\KRUVHV
KDG D PLQLPDO LQVXOLQ UHVSRQVH WR KD\ FRQWDLQLQJ  DQG  16& RI '0
FRPSDUHGWRDPRGHUDWHLQVXOLQUHVSRQVHWRKD\FRQWDLQLQJ16&RI'0
  

 $VVHVVPHQWRILQVXOLQVHQVLWLYLW\DQGSRVWSUDQGLDO
LQVXOLQUHVSRQVH
+RUVHV UDUHO\ SURJUHVV IURP FRPSHQVDWHG WR GHFRPSHQVDWHG ,5 LH ȕFHOO
G\VIXQFWLRQ DQG JOXFRVH KRPHRVWDVLV LV PDLQWDLQHG E\ DQ DGHTXDWH LQVXOLQ
VHFUHWLRQIURPWKHȕFHOOV0HDVXUHPHQWVRIEDVDOSODVPDJOXFRVHFRQFHQWUDWLRQV
LVWKHUHIRUHDQXQUHOLDEOHPHWKRGWRGHWHFW,5LQKRUVHV7UHLEHU et al.E
)DVWLQJK\SHULQVXOLQHPLDFDQEHREVHUYHGLQKRUVHVZLWK,5)UDQN et al.
DQGPHDVXUHPHQWRIEDVDOSODVPDLQVXOLQFRQFHQWUDWLRQVLVDVLPSOHPHWKRGWR
XVH LQ FOLQLFDO SUDFWLFH+RZHYHU IDFWRUV VXFK DV GLHW VWUHVV DQG SDLQPLJKW
LQIOXHQFH WKH EDVDO VHFUHWLRQ RI LQVXOLQ )UDQN et al. 2QO\ DZHDN WR
PRGHUDWH QHJDWLYH FRUUHODWLRQ EHWZHHQ EDVDO LQVXOLQ FRQFHQWUDWLRQV DQG ,6
TXDQWLILHG XVLQJ WKH IUHTXHQWO\ VDPSOHG LQWUDYHQRXV JOXFRVH WROHUDQFH WHVW
)6,*77U DQGWKH(+&U KDVEHHQIRXQGLQSUHYLRXVVWXGLHV
7UHLEHU et al.E9LFN et al.'HFUHDVHG,6LQUHVSRQVHWRDGLHWULFK
LQ16&KDVDOVREHHQREVHUYHGLQKRUVHVZLWKRXWDFRQFXUUHQWLQFUHDVHLQEDVDO
LQVXOLQ FRQFHQWUDWLRQ 3UDWW et al.  )XUWKHUPRUH EDVDO VHUXP LQVXOLQ
FRQFHQWUDWLRQVXVLQJWKHDUELWUDU\FXWRIIYDOXH!,8P/IRUGLDJQRVLVRI
,5)UDQNGLGQRWGLIIHUEHWZHHQKRUVHVGHILQHGDV,6DQG,5XVLQJWKH
)6,*77'XQEDU et al.
2QO\ TXDQWLWDWLYH WHVWV VXFK DV WKH (+& DQG WKH )6,*77 FDQ DFFXUDWHO\
PHDVXUH,5$VJOXFRVHLVDGPLQLVWHUHGLQWUDYHQRXVO\WKLVDYRLGVFRQIRXQGLQJ
VWLPXODWRU\ HIIHFWV RQ LQVXOLQ VHFUHWLRQ E\ LQFUHWLQ KRUPRQHV VHFUHWHG LQ
UHVSRQVHWRDPHDO0RQ]LOOR	+DPG\+RZHYHUDVWKHVHWHVWVDUHWLPH
FRQVXPLQJODERULQWHQVLYHDQGH[SHQVLYHWRSHUIRUPWKH\DUHLPSUDFWLFDOWRXVH
LQFOLQLFDOVHWWLQJV7KHFRPELQHGJOXFRVHLQVXOLQWROHUDQFHWHVW&*,7(LOHU et 
al.  LV D G\QDPLF QRQTXDQWLWDWLYH LQWUDYHQRXV WHVW UHFRPPHQGHG IRU
GLDJQRVLV RI ,5 LQ D FOLQLFDO VHWWLQJ )UDQN et al.  7KLV WHVW UHTXLUHV
SODFHPHQWRILQWUDYHQRXVFDWKHWHUVIROORZHGE\UHSHDWHGEORRGVDPSOLQJIRU
PLQDQGLVWKXVDWHVWWKDWLVOLPLWHGWRXVHLQKRVSLWDOVHWWLQJV
'\QDPLFWHVWVWKDWLQYROYHRUDODGPLQLVWUDWLRQRIJOXFRVHPRUHFORVHO\PLPLF
DSK\VLRORJLFDOVLWXDWLRQRIJUD]LQJSDVWXUHFRPSDUHGWRWKHLQWUDYHQRXVWHVWV
7KH LQVXOLQ VHFUHWLRQ SDWWHUQ DIWHU RUDO JOXFRVH DGPLQLVWUDWLRQ UHIOHFWV WKH
FRPELQHG UHVSRQVH WR VHYHUDO SK\VLRORJLFDO IDFWRUV VXFK DVJDVWULF HPSW\LQJ
UDWH RI LQWHVWLQDO JOXFRVH DEVRUSWLRQ GHJUHH RI KHSDWLF JOXFRVH WUDSSLQJ DQG
LQFUHWLQHIIHFWV3DFLQL	0DUL.URQIHOG et al.$VDUHVXOWWKHVH
RUDO JOXFRVH WHVWV GR QRW SHU VH PHDVXUH ,6 EXW UDWKHU HVWLPDWHV WKH ȕFHOO
UHVSRQVH,QKRUVHVDQRUDOJOXFRVHWROHUDQFHWHVW2*773UDWW3KLOOLSV et al.
6PLWK et al.RUDQRUDOVXJDUWHVW2676FKXYHU et al.FDQ
EHXVHGWRPHDVXUHWKHSRVWSUDQGLDOLQVXOLQUHVSRQVHDQGHVWLPDWHVRIWKHȕFHOO
UHVSRQVHFDQEHFDOFXODWHG


(XJO\FHPLFK\SHULQVXOLQHPLFFODPS
7KH(+&SURYLGHVDPHDVXUHRIWKHSHULSKHUDO,6GXULQJVWHDG\VWDWHFRQGLWLRQV
DQGLVWKHJROGVWDQGDUGIRUGLDJQRVLVRI,5LQKXPDQV'H)URQ]R et al.
0XQL\DSSD et al.7KHPHWKRGKDVDOVREHHQDGDSWHGIRUXVHLQKRUVHV
3RZHOO et al.  $QQDQGDOH et al.  3UDWW et al.  7KH (+&
SURFHGXUHLQYROYHVDFRQVWDQWUDWHLQIXVLRQRILQVXOLQUHVXOWLQJLQDVWHDG\VWDWH
OHYHO RI K\SHULQVXOLQHPLD $W WKH VDPH WLPH EORRG JOXFRVH LV KHOG FRQVWDQW
ZLWKLQ WKH QRUPDO UDQJH LH DURXQG PPRO/ E\ LQIXVLRQ RI JOXFRVH DW D
YDULDEOH UDWH 7KH JOXFRVH LQIXVLRQ UDWH LV DGMXVWHG EDVHG RQ SODVPD JOXFRVH
FRQFHQWUDWLRQVWKDWDUHDQDO\]HGDWUHJXODULQWHUYDOVWRPLQWKURXJKRXWWKH
(+& 'H)URQ]R et al.  :DOODFH 	 0DWWKHZV  7KH SURFHGXUH
XVXDOO\WDNHVPLQDQGWKHILQDOPLQDUHFRQVLGHUHGWRUHSUHVHQWVWHDG\
VWDWH FRQGLWLRQV 3UDWW et al.  'XULQJ VWHDG\VWDWH FRQGLWLRQV RI
K\SHULQVXOLQHPLDDQGHXJO\FHPLDLWLVDVVXPHGWKDWHQGRJHQRXVKHSDWLFJOXFRVH
SURGXFWLRQLVFRPSOHWHO\VXSSUHVVHG8QGHUWKHVHFLUFXPVWDQFHVWKHTXDQWLW\RI
WKHH[RJHQRXVJOXFRVHLQIXVLRQUDWHHTXDOVWKHDPRXQWRIJOXFRVHXWLOL]HGLQWKH
SHULSKHUDO WLVVXH LH WKH JOXFRVH GLVSRVDO UDWH 0YDOXH 7KXV D KLJKHU
H[RJHQRXVJOXFRVHLQIXVLRQUDWHLVUHTXLUHGWRPDLQWDLQHXJO\FHPLDGXULQJDQ
(+&LQLQGLYLGXDOVZLWKKLJKFRPSDUHGWRORZ,6
7RDGMXVWIRUVPDOOYDULDWLRQVLQWKHVWHDG\VWDWHJOXFRVHFRQFHQWUDWLRQGXULQJ
DQ(+&DFRUUHFWLRQIDFWRUUHIHUUHGWRDVWKHVSDFHFRUUHFWLRQLVLQFRUSRUDWHGLQ
WKHFDOFXODWLRQRIWKH0YDOXH'H)URQ]R et al.:KHQ0LVUHODWHGWRWKH
VWHDG\VWDWH LQVXOLQ FRQFHQWUDWLRQ 0, WKLV SURYLGHV DPHDVXUHRI ,6 LQ WKH
SHULSKHUDO WLVVXH 7KH PHWDEROLF FOHDUDQFH UDWH IRU LQVXOLQ 0&5 FDQ EH
FDOFXODWHG DV WKH FRQVWDQW UDWH LQIXVLRQ RI LQVXOLQ GLYLGHG E\ WKH LQFUHDVH LQ
SODVPDLQVXOLQFRQFHQWUDWLRQDERYHWKHEDVDOFRQFHQWUDWLRQGXULQJVWHDG\VWDWH
'H)URQ]R et al.  0RQ]LOOR 	 +DPG\  7KLV PHDVXUH SURYLGHV
LQWHUHVWLQJ LQIRUPDWLRQ DV GHFUHDVHG KHSDWLF LQVXOLQ FOHDUDQFH DULVHV DV D
FRPSHQVDWRU\PHFKDQLVPDORQJZLWKGHFUHDVHG,67RWK et al.$GHU et 
al.
7KH UDWH RI LQVXOLQ LQIXVHG GXULQJ WKH (+& GHWHUPLQHV WKH OHYHO RI
K\SHULQVXOLQHPLD'LIIHUHQWLQVXOLQLQIXVLRQUDWHVKDYHEHHQXVHGDPRQJVWXGLHV
RI KRUVHVZLWK P,8NJPLQ EHLQJPRVW FRPPRQO\ XVHG $QQDQGDOH et al.
)LUVKPDQ et al.3UDWW et al.3UDWW et al.7LOH\ et al.
%DQVH	0F)DUODQH3UDWW3KLOOLSV et al.,WLVLPSRUWDQWWR
HPSKDVL]H WKDW FRPSDULVRQV RI (+&GHULYHG ,6 PHDVXUHV DPRQJ LQGLYLGXDO
KRUVHVDQGEHWZHHQVWXGLHVDUHRQO\YDOLGDVORQJDVWKHVDPHLQIXVLRQUDWHRI
LQVXOLQLVXVHG8UVFKHO et al.
  

)UHTXHQWO\VDPSOHGLQWUDYHQRXVJOXFRVHWROHUDQFHWHVW
7KH PLQLPDO PRGHO DQDO\VLV RI DQ )6,*77 ZDV ILUVW GHYHORSHG LQ GRJV E\
%HUJPDQDQGDVVRFLDWHVLQ7KHWHVWLQYROYHVLQWUDYHQRXVDGPLQLVWUDWLRQRI
DEROXVGRVHRIJOXFRVHIROORZHGE\UHSHDWHGEORRGVDPSOLQJ%HUJPDQ et al.
7KHPLQLPDOPRGHORIJOXFRVHDQGLQVXOLQG\QDPLFVUHOLHVRQWKHJOXFRVH
GLVDSSHDUDQFHUDWHLQUHVSRQVHWRLQVXOLQ$QDGHTXDWHLQVXOLQVHFUHWLRQLVWKXVD
SUHUHTXLVLWHZKLFKOLPLWVWKHUHOLDELOLW\RIWKHWHVWZKHQSHUIRUPHGLQSDWLHQWV
ZLWK UHGXFHG ȕFHOO IXQFWLRQ :DOODFH 	 0DWWKHZV  7R LQFUHDVH WKH
SUHFLVLRQRIWKH,6HVWLPDWHVLQKXPDQVXEMHFWVPRGLILHGYDULDQWVRIWKH)6,*77
ZHUH GHYHORSHG LQFOXGLQJ DGPLQLVWUDWLRQ RI HLWKHU 7ROEXWDPLGH WR VWLPXODWH
HQGRJHQRXVLQVXOLQVHFUHWLRQRUH[RJHQRXVLQVXOLQPLQDIWHUWKHLQWUDYHQRXV
JOXFRVHEROXV %HDUG et al. <DQJ et al. )LQHJRRG et al. 
7ROEXWDPLGH FDQ RQO\ EH DSSOLHG WR SDWLHQWV ZLWK SUHVHUYHG ȕFHOO IXQFWLRQ
:DOODFH	0DWWKHZV,QFRQWUDVWWKHLQVXOLQPRGLILHG)6,*77FDQEH
XVHGWRHQVXUHDGHTXDWHLQVXOLQFRQFHQWUDWLRQVGXULQJWKHWHVWLQJSURFHGXUHLQ
SDWLHQWVZLWKȕFHOOG\VIXQFWLRQDQGW\SH,,GLDEHWHVPHOOLWXV4XRQ et al.
0XQL\DSSD et al.
+RIIPDQDQGFROOHDJXHVZHUHWKHILUVWWRXVHWKHLQVXOLQPRGLILHG)6,*77
IRUDVVHVVPHQWRI,6LQKRUVHV+RIIPDQ et al.6LQFHWKHQWKHPDMRULW\
RIVWXGLHVSHUIRUPHGLQKRUVHVKDYHXVHGDJOXFRVHGRVHRIPJNJ%:DQG
DQLQVXOLQGRVHRIP,8NJ%:IRUWKHLQVXOLQPRGLILHG)6,*77&DUWHU et 
al. E &DUWHU et al.  *HRUJH et al.  7LQZRUWK et al. E
%DPIRUG et al.%DPIRUG et al.E-DFRE et al.3ODVPDJOXFRVH
DQG SODVPD LQVXOLQ GDWD GHULYHG IURP EORRG VDPSOLQJ SHUIRUPHG GXULQJ WKH
)6,*77DUHWKHQPDWKHPDWLFDOO\LQWHUSUHWHGXVLQJWKHPLQLPDOPRGHODQDO\VLV
0LQ0RG 0LOOHQQLXP VRIWZDUH YHUVLRQ  8QLYHUVLW\ RI 3HQQV\OYDQLD
.HQQHWW 6TXDUH 3$ 86$ 7KH IROORZLQJ SDUDPHWHUV DUH GHULYHG ,QVXOLQ
VHQVLWLYLW\ LQGH[ 6L JOXFRVH HIIHFWLYHQHVV 6J DFXWH LQVXOLQ UHVSRQVH WR
JOXFRVH$,5JDQGGLVSRVLWLRQLQGH[',6L LVDPHDVXUHRI WKHFDSDFLW\RI
LQVXOLQWRSURPRWHJOXFRVHGLVSRVDODQGLQKLELWKHSDWLFJOXFRVHSURGXFWLRQDQG
LVFDOFXODWHGDVWKHFKDQJHLQJOXFRVHSHUXQLWFKDQJHLQLQVXOLQ6JHVWLPDWHVWKH
FDSDFLW\ RI JOXFRVH WR PHGLDWH LWV RZQ GLVSRVDO DQG LQKLELW KHSDWLF JOXFRVH
SURGXFWLRQZKHQLQVXOLQLVDWDEDVDOOHYHO7KH$,5JTXDQWLILHVWKHHQGRJHQRXV
LQVXOLQVHFUHWLRQLQUHVSRQVHWRWKHJOXFRVHGRVHGXULQJWKHILUVWPLQRIWKH
)6,*77DQGSURYLGHVDQHVWLPDWHRIWKHȕFHOOUHVSRQVH7KH',LVDPHDVXUHRI
WKHSDQFUHDVIXQFWLRQDOLW\DQGLVFDOFXODWHGDV6L$,5J%HUJPDQ et al.
+RIIPDQ et al.0RQ]LOOR	+DPG\
$ PRGHUDWH WR KLJK U    WR  FRUUHODWLRQ EHWZHHQ ,6 PHDVXUHV
GHULYHGIURPWKH(+&DQGWKH)6,*77VWDQGDUGRULQVXOLQPRGLILHGKDVEHHQ
UHSRUWHGLQVHYHUDOVSHFLHVLQFOXGLQJFDWVGRJVKXPDQVDQGKRUVHV)LQHJRRG 


et al.6DDG et al.3HWUXV et al.3UDWW3KLOOLSV et al.
$GYDQWDJHV ZLWK WKH PLQLPDO PRGHOOLQJ RI )6,*77 FRPSDUHG WR WKH (+&
LQFOXGHWKHDELOLW\WRHVWLPDWHLQVXOLQGHSHQGHQWJOXFRVHXWLOL]DWLRQ6LLQVXOLQ
LQGHSHQGHQW JOXFRVH XWLOL]DWLRQ 6J DV ZHOO DV WKH ȕFHOO UHVSRQVLYHQHVV WR
JOXFRVH $,5J XVLQJ RQH VLQJOH PHWKRG 7KH )6,*77 LV DOVR WHFKQLFDOO\
VLPSOHUWRSHUIRUPFRPSDUHGWRWKH(+&+RZHYHUDVWKHPDWKHPDWLFDOPRGHOV
DUHEDVHGRQVHYHUDODVVXPSWLRQVDERXWJOXFRVHDQGLQVXOLQG\QDPLFVWKLVFDQ
UHVXOWLQV\VWHPDWLFHUURUVWKDWDIIHFWLQWHUSUHWDWLRQRIWHVWUHVXOWV0RQ]LOOR	
+DPG\0XQL\DSSD et al.
)RUH[DPSOHWKHHVWLPDWHVGHULYHGIURPWKHPLQLPDOPRGHOOLQJDUHGHILQHG
DVVWHDG\VWDWHLQGLFHVEXWDUHFDOFXODWHGGXULQJG\QDPLFFRQGLWLRQV,QDGGLWLRQ
WKHPRGHOLVXQDEOHWRVHSDUDWHWKHHIIHFWVRILQVXOLQWRLQKLELWKHSDWLFJOXFRVH
SURGXFWLRQDQGWRSURPRWHSHULSKHUDOJOXFRVHXSWDNH7KXVWKHHVWLPDWHIRU,6
6L SURYLGHV DQ DJJUHJDWHGPHDVXUH RI KHSDWLF DQG SHULSKHUDO ,6 6LQFH WKH
UHODWLYHFRQWULEXWLRQRIKHSDWLFJOXFRVHSURGXFWLRQWR6LYDULHVZLWK,6HVWLPDWHV
RI6LDUHOHVVUHOLDEOHIRU,5LQGLYLGXDOVFRPSDUHGWR,6LQGLYLGXDOV0XQL\DSSD 
et al. 0RUHRYHU D KLJKHUPHDQ FRHIILFLHQW RI YDULDWLRQ &9 YV
 KDV EHHQ UHSRUWHG IRU 6L GHULYHG IURP DQ )6,*77 FRPSDUHG WR0,
GHULYHG IURP DQ(+& IRU UHSHDWHG WHVWV SHUIRUPHG LQ KRUVHVZLWK QRUPDO ,6
3UDWW et al.
'\QDPLFRUDOJOXFRVHWHVWV
7KH2*77LVDVLPSOHWHVWFRPPRQO\XVHGIRUGLDJQRVLVRIGLDEHWHVPHOOLWXVLQ
KXPDQV$PHULFDQ'LDEHWHV$VVRFLDWLRQ7KHRULJLQDO2*77SURFHGXUH
IRUKRUVHVZDVGHYHORSHGGXULQJWKHHDUO\VDVDWHVWIRUGHWHUPLQDWLRQRI
VPDOOLQWHVWLQDOPDODEVRUSWLRQDQGSDQFUHDWLFȕFHOOG\VIXQFWLRQ5REHUWV	+LOO
7KHVWDQGDUG2*77LQYROYHVDGPLQLVWUDWLRQRIJJOXFRVHNJ%:YLDD
QDVRJDVWULF WXEH 3UDWW3KLOOLSV et al.  %ORRG VDPSOHV DUH REWDLQHG DW
UHJXODULQWHUYDOVFRPPRQO\HYHU\PLQIRU±KRXUVSRVWDGPLQLVWUDWLRQ
RIJOXFRVH7KHLQIHHG2*77LVDYDULDQWRIWKHWHVWLQZKLFKJOXFRVHDWDGRVH
RI±JLVPL[HGZLWKDVPDOODPRXQWRIDKLJKO\SDODWDEOHFRQFHQWUDWH
IHHG%DPIRUG et al.6PLWK et al.'H/DDW	6LOOHQFH
$GPLQLVWUDWLRQRIJOXFRVHYLDQDVRJDVWULF WXELQJGXULQJDVWDQGDUG2*77
UHTXLUHVWUDLQHGSHUVRQQHODQGWKHSURFHGXUHFDQSRWHQWLDOO\LQGXFHVWUHVVLQWKH
KRUVH7KHLQIHHG2*77LVHDVLHUWRSHUIRUPGXULQJILHOGVHWWLQJV+RZHYHUWKH
DPRXQWDQG W\SHRIFRQFHQWUDWHXVHG LQ WKH IHHG UDWLRQ FDQDIIHFW WKH UDWHRI
JDVWULFHPSWLQJDQGLQWHVWLQDOJOXFRVHDEVRUSWLRQFRPSOLFDWLQJFRPSDULVRQRI
UHVXOWVEHWZHHQVWXGLHV)XUWKHUPRUHIHHGUHIXVDOKDVEHHQREVHUYHGLQKRUVHV
XVLQJDGRVHRIJJOXFRVHNJ%:'H/DDW	6LOOHQFH
  

7KH267ZDVGHYHORSHGDQGLQWURGXFHGIRUXVHLQKRUVHVLQLQWKH86$
6FKXYHU et al.  6FKXYHU et al.  7KLV WHVW XVHV FRPPHUFLDOO\
DYDLODEOHVXJDUV\UXS.DUROLJKWFRUQV\UXSZKLFKLVFRPSRVHGRIGLIIHUHQW
XQVSHFLILHGFDUERK\GUDWHV7KH.DUR OLJKWFRUQV\UXS LVV\ULQJHGRUDOO\DWD
GRVHRIPONJ%:DQGEORRGVDPSOLQJ LVSHUIRUPHGDW UHJXODU LQWHUYDOV
FRPPRQO\HYHU\WRPLQIRU±KRXUVSRVWV\UXSDGPLQLVWUDWLRQ
$VWXG\FRPSDULQJWKHLQIHHG2*77ZLWKWKH267LQDJURXSRIKRUVHV
DQGSRQLHVIRXQGDQDJUHHPHQWLQWHVWLQWHUSUHWDWLRQEHWZHHQWHVWVZKHQD
ELQDU\RXWFRPHZDVXVHGKHDOWK\YV,'6PLWK et al.,WLVKRZHYHUQRW
SRVVLEOH WR GHWHUPLQH ZKLFK RI WKH WHVWV LQIHHG 2*77 RU 267 WKDW PRVW
FRUUHFWO\LGHQWLILHV,'DV,6ZDVQRWTXDQWLILHGLQWKHVHSRQLHVDQGKRUVHV7KH
PDLQDGYDQWDJHZLWKWKH267LVWKDWLW LVHDV\WRSHUIRUPZKLFKPDNHVLWDQ
DSSURSULDWHWHVWWRXVHXQGHUILHOGFRQGLWLRQV$GPLQLVWUDWLRQRIVXJDUV\UXSFDQ
EHSHUIRUPHGE\WKHKRUVHRZQHUZKLFKVLJQLILFDQWO\UHGXFHVWKHWLPHVSHQWRQ
VDPSOLQJDQGWKXVWKHFRVWVIRUWKHWHVW8QIRUWXQDWHO\.DUROLJKWFRUQV\UXSLV
QRWDYDLODEOHLQ6FDQGLQDYLDQJURFHU\VWRUHVSUHYHQWLQJWKHXVHRIWKLVWHVWLQ
6FDQGLQDYLDQFRXQWULHV
$VWDQGDUGL]HGPHDOWROHUDQFHWHVWFDQEHXVHGWRHYDOXDWHWKHSRVWSUDQGLDO
LQVXOLQUHVSRQVHLQKXPDQVXEMHFWVZLWKGLDEHWHVPHOOLWXV+RYRUND et al.
0XQL\DSSD et al. %HVVHU et al.  ,QKRUVHV WKHUH LV QR DYDLODEOH
VWDQGDUGL]HGPHDOWROHUDQFHWHVWSURWRFROEXWWKHLQVXOLQUHVSRQVHWRGLIIHUHQW
PHDOVIRUDJHEDVHGJUDLQEDVHGHWFKDVEHHQLQYHVWLJDWHGLQGLIIHUHQWVWXGLHV
:LOOLDPV et al.%RUJLD et al.-DFRE et al.7KHDGYDQWDJHRI
HYDOXDWLQJWKHLQVXOLQUHVSRQVHWRDPHDOFRPSDUHGWRDQRUDOEROXVRIJOXFRVH
RU JOXFRVH V\UXS LV WKDW LW UHIOHFWV DPRUH SK\VLRORJLF GLJHVWLYH SURFHVV DQG
UHVSRQVHWRGLHWDU\VXJDUV
,QVXOLQVHQVLWLYLW\LQGLFHVIURPRUDOJOXFRVHWHVWV
(YHQWKRXJKWKHG\QDPLF2*77DQG267GRHVQRWPHDVXUH,6SHUVHGLIIHUHQW
LQGLFHVFDQEHFDOFXODWHGEDVHGRQGDWDIURPWKHVHWHVWVLQRUGHUWRHVWLPDWH,6
,QGLFHV VXFK DV WKHFRPSRVLWHZKROHERG\ LQVXOLQ VHQVLWLYLW\ LQGH[ ,6,&203
0DWVXGD	'H)URQ]R*XWW LQGH[*XWW et al.6WXPYROO LQGH[
6WXPYROO et al.DQG%HOILRUHLQGH[%HOILRUH et al.KDYHEHHQXVHG
LQ GLIIHUHQW VWXGLHV LQ KXPDQV $  PRGHUDWH WR KLJK OLQHDU FRUUHODWLRQ
U WREHWZHHQWKHPRVWFRPPRQO\XVHGLQGH[LQKXPDQV,6,&203
0DWVXGD	'H)URQ]RDQGTXDQWLWDWLYHPHDVXUHPHQWVRI,6REWDLQHGE\
WKH(+&KDVEHHQVKRZQLQKXPDQVDQGLQKRUVHV0DWVXGD	'H)URQ]R
3UDWW3KLOOLSV et al.


 1RQOLQHDULQYHUVHUHODWLRQVKLSEHWZHHQLQVXOLQ
VHQVLWLYLW\DQGȕFHOOUHVSRQVH
,QKXPDQVDQRQOLQHDULQYHUVHUHODWLRQVKLSEHWZHHQȕFHOOUHVSRQVHDQG,6ZDV
ILUVWGHVFULEHGLQWKHHDUO\V%HUJPDQ et al.7KLVILQGLQJLPSOLHV
WKDWWKHȕFHOOUHVSRQVHDQG,6DUHGHSHQGHQWRQHDFKRWKHUZKHUHFKDQJHVLQ
RQHIHDWXUHLVPLUURUHGE\DUHFLSURFDODGDSWDWLRQLQWKHRWKHU.DKQ'XH
WR WKH QDWXUH RI WKLV QRQOLQHDU LQYHUVH UHODWLRQVKLS WKH PDJQLWXGH LQ ȕFHOO
UHVSRQVHWKDWIROORZVDFKDQJHLQ,6ZLOOGHSHQGRQWKHSUHYDLOLQJ,67KLVPHDQV
WKDWLQGLYLGXDOVZLWKKLJK,6ZLOOKDYHVPDOOLQFUHDVHVLQWKHLUȕFHOOUHVSRQVH
IROORZLQJODUJHGHFUHDVHVLQ,6ZKHUHDVLQGLYLGXDOVZLWKPDUNHGO\GHFUHDVHG,6
ZLOOKDYHODUJHFKDQJHVLQWKHLUȕFHOOUHVSRQVHDORQJZLWKVPDOOFKDQJHVLQ,6
)LJXUH
$QRQOLQHDULQYHUVHUHODWLRQVKLSEHWZHHQWKHSHDNLQVXOLQFRQFHQWUDWLRQDQ
HVWLPDWHRIȕFHOO UHVSRQVH GHULYHG IURPDQ LQIHHG2*77DQG ,6PHDVXUHV
IURPDQ)6,*77KDVSUHYLRXVO\EHHQUHSRUWHGLQKRUVHV%DPIRUG et al.
 
Figure 2. 6FKHPDWLF GLDJUDP LOOXVWUDWLQJ WKH FKDUDFWHULVWLFV RI D QRQOLQHDU LQYHUVH UHODWLRQVKLS
EHWZHHQLQVXOLQVHQVLWLYLW\,6DQGȕFHOOUHVSRQVH6WDWH$QLQGLYLGXDOZLWKKLJK,6DQGQRUPDO
ȕFHOOUHVSRQVH6WDWH7KHVDPHLQGLYLGXDODIWHUDODUJHGHFUHDVHLQ,6UHVXOWLQJLQDVPDOOLQFUHDVH
LQȕFHOOUHVSRQVH6WDWH$QLQGLYLGXDOZLWKORZ,66WDWH7KHVDPHLQGLYLGXDODIWHUDVPDOO
GHFUHDVHLQ,6UHVXOWLQJLQDODUJHLQFUHDVHLQȕFHOOUHVSRQVH
8QGHUVSHFLILFFLUFXPVWDQFHVWKLVQRQOLQHDULQYHUVHUHODWLRQVKLSEHWZHHQWKH
ȕFHOO UHVSRQVHDQG ,6FDQEHGHVFULEHGE\D UHFWDQJXODUK\SHUEROLF IXQFWLRQ
\ FRQVWDQW[RU\[ FRQVWDQW%HUJPDQ et al..DKQ et al.
7KHUHFWDQJXODUK\SHUEROLFIXQFWLRQFDQEHUHH[SUHVVHGDVDOLQHDUPRGHOE\
ORJWUDQVIRUPDWLRQRIGDWDSURGXFLQJWKHIROORZLQJHTXDWLRQ/Q\ FRQVWDQW
ȕ/Q[ZKHUHȕLVWKHUHJUHVVLRQFRHIILFLHQW7KHȕFHOOUHVSRQVHLVGHILQHG
DV WKH GHSHQGHQW YDULDEOH \ ZKHUHDV ,6 LV GHILQHG DV WKH LQGHSHQGHQW
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
YDULDEOH[7KHFULWHULRQIRUD UHFWDQJXODUK\SHUEROLF UHODWLRQVKLS LV WKDW WKH
VORSH RI WKH UHJUHVVLRQ FRHIILFLHQW LV HTXDO WR  $ K\SHUEROLF UHODWLRQVKLS
EHWZHHQȕFHOOUHVSRQVHDQG,6KDVGXULQJWKHODVWIHZGHFDGHVEHHQGHVFULEHG
LQ VHYHUDO VSHFLHV LQFOXGLQJ URGHQWV GRJV DQG KXPDQV .DKQ et al. 
0LWWHOPDQ et al.3DFLQL et al.7KLVUHODWLRQVKLSKDVWRWKHDXWKRU¶V
NQRZOHGJHQRWSUHYLRXVO\EHHQHOXFLGDWHGLQKRUVHV
)RUDUHODWLRQVKLSWKDWIXOILOOVWKHFULWHULRQIRUDUHFWDQJXODUK\SHUERODWKH
SURGXFW RI ȕFHOO UHVSRQVH \ GHSHQGHQW YDULDEOH DQG ,6 [ LQGHSHQGHQW
YDULDEOH LVFRQVWDQW IRUDJLYHQGHJUHHRIJOXFRVH WROHUDQFH7KLVFRQVWDQW LV
FDOOHG',7KH',FDQEHFRQVLGHUHGDPHDVXUHRISDQFUHDVIXQFWLRQDOLW\LHD
PHDVXUHRIWKHȕFHOOV¶DELOLW\WRFRPSHQVDWHIRUGHFUHDVHG,6$GHFUHDVHLQ',
LVWKXVDQLQGLFDWLRQRIȕFHOOG\VIXQFWLRQUHVXOWLQJLQLQDELOLW\WRFRPSHQVDWH
IRUGHFUHDVHG,6LHLPSDLUHGJOXFRVHWROHUDQFHDQGW\SH,,GLDEHWHVPHOOLWXV
%HUJPDQ et al.  'XULQJ GHYHORSPHQW RI ,5 WKHUH LV DQ DGHTXDWH
FRPSHQVDWRU\ LQFUHDVH LQ WKH ȕFHOOV UHOHDVH RI LQVXOLQ LH QRUPDO JOXFRVH
WROHUDQFH DQG ', UHPDLQV FRQVWDQW .DKQ et al.  %HUJPDQ et al.
:KHQWKHȕFHOOV¶UHOHDVHRILQVXOLQEHFRPHVLQDGHTXDWHLQUHODWLRQWR,5
JOXFRVHLQWROHUDQFHDQGW\SH,,GLDEHWHVPHOOLWXVGHYHORS7KLVLVDVVRFLDWHGZLWK
DGHFUHDVHLQ',UHSUHVHQWHGE\GHYLDWLRQRIWKHK\SHUEROLFFXUYHFORVHUWRZDUGV
WKHRULJLQ)LJXUH$KUpQ	3DFLQL3DFLQL

Figure 3. 6FKHPDWLF GLDJUDP LOOXVWUDWLQJ WKH FKDUDFWHULVWLFV RI WKH UHFWDQJXODU K\SHUEROLF
UHODWLRQVKLS EHWZHHQ ȕFHOO UHVSRQVH DQG LQVXOLQ VHQVLWLYLW\ ,6 DQG WKH SURGXFW RI WKH WZR
SDUDPHWHUV WKHGLVSRVLWLRQLQGH[',6WDWH$Q LQGLYLGXDOZLWKQRUPDO ,6DQGQRUPDOȕFHOO
UHVSRQVH6WDWH7KHVDPHLQGLYLGXDOZLWKDQDGHTXDWHLQFUHDVHLQȕFHOOUHVSRQVHLQFRPSHQVDWLRQ
IRUGHFUHDVHG,67KH',LVXQFKDQJHGDQGUHPDLQVRQWKHVDPHK\SHUEROLFFXUYH6WDWH7KHVDPH
LQGLYLGXDOWKDWIDLOVWRFRPSHQVDWHIRUGHFUHDVHG,6WKHȕFHOOUHVSRQVHUHPDLQVQRUPDOZKLOHVWKH
',LVGHFUHDVHGLHDGHYLDWLRQRIWKHK\SHUEROLFFXUYHWRZDUGVRULJLQ
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'LVSRVLWLRQLQGH[
7KHXVHRI',LVRQO\YDOLGIRUDQRQOLQHDULQYHUVHUHODWLRQVKLSWKDWIXOILOOVWKH
FULWHULRQ IRU D UHFWDQJXODU K\SHUEROD2ULJLQDOO\',ZDV FDOFXODWHG IURP WKH
)6,*77%HUJPDQ et al..DKQ et al.7KLVLVDFRQYHQLHQWZD\WR
FDOFXODWH',DVLWUHTXLUHVRQO\RQHWHVWSURWRFRO6LQFHWKHLQWURGXFWLRQRI',LQ
LWKDVEHHQFDOFXODWHGIURP,6PHDVXUHGE\WKH(+&WKH)6,*77DQGWKH
2*77LQFRQMXQFWLRQZLWKPHDVXUHPHQWVRIȕFHOOUHVSRQVHREWDLQHGIURPWKH
K\SHUJO\FHPLFFODPSWKH)6,*77RUWKH2*77.DKQ et al.$KUpQ	
/DUVVRQ8W]VFKQHLGHU et al.5HWQDNDUDQ et al.6MDDUGD et al.

1RWRQO\WKHPHDVXUHPHQWRI,6DQGWKHZD\LQZKLFKWKHȕFHOOUHVSRQVHKDV
EHHQGHWHUPLQHGEXWDOVRWKHWLPHIUDPHGXULQJZKLFKWKHLQVXOLQVHFUHWLRQKDV
EHHQHYDOXDWHGLHHDUO\LQVXOLQUHVSRQVHWRWDOLQVXOLQUHVSRQVHHWFKDVYDULHG
EHWZHHQVWXGLHV7KHVHFDOFXODWHG',VDUHWKHUHIRUHQRWLGHQWLFDODQGDVSHFLILF
',LVRQO\YDOLGIRUFRPSDULVRQDVORQJDVWKHVDPHWHVWSURWRFROVDQGDQDO\WLFDO
PHWKRGVDUHXVHG
 
  




7KHRYHUDOODLPIRUWKLVWKHVLVZDVWRVWXG\IDFWRUVWKDWLQIOXHQFH,6LQKRUVHV
DQGWRVWXG\WKHUHODWLRQVKLSEHWZHHQ,6DQGWKHSRVWSUDQGLDOLQVXOLQUHVSRQVH

7KHVSHFLILFREMHFWLYHVZHUH

¾ 7RHYDOXDWHWKHHIIHFWRIZHLJKWJDLQLQGXFHGE\DIRUDJHEDVHGGLHWORZ
LQ16&DQGVXEVHTXHQWSDVWXUHWXUQRXWRQ,6LQPRGHUDWHO\,5KRUVHV

¾ 7R GHYHORS DQG HYDOXDWH D PRGLILHG 267 IRU GHWHUPLQDWLRQ RI WKH
SRVWSUDQGLDOJOXFRVHDQG LQVXOLQ UHVSRQVH LQKHDOWK\KRUVHVDQGKRUVHV
ZLWK(06DQGWRVWXG\WKHUHVSRQVHLQWKUHHGLIIHUHQWEUHHGV

¾ 7RHYDOXDWHWKHUHODWLRQVKLSEHWZHHQLQGLFHVRIȕFHOOUHVSRQVHGHULYHG
IURPWKHPRGLILHG267DQGTXDQWLWDWLYHPHDVXUHVRI,6

¾ 7RVWXG\WKHSRVWSUDQGLDOJOXFRVHDQGLQVXOLQUHVSRQVHWRDPHDOWROHUDQFH
WHVWXVLQJKD\ODJHGLHWVZLWKGLIIHUHQWFRQWHQWRI16&LQKRUVHVRI WZR
GLIIHUHQWEUHHGVDQGWRHYDOXDWHWKHUHODWLRQVKLSEHWZHHQWKHSRVWSUDQGLDO
LQVXOLQUHVSRQVHDQGTXDQWLWDWLYHPHDVXUHVRI,6
 
 $LPVRIWKHWKHVLV
  





7KLV VHFWLRQSURYLGHVDEULHI VXPPDU\RQPDWHULDOV DQGPHWKRGVXVHG LQ WKH
VHSDUDWHVWXGLHV,±,9LQFOXGHGLQWKLVWKHVLV0RUHGHWDLOHGGHVFULSWLRQVDUH
IRXQGLQHDFKRIWKHSDSHUV
 +RUVHV
$OOVWXGLHVZHUHDSSURYHGE\WKH(WKLFDO&RPPLWWHHIRU$QLPDO([SHULPHQWV
8SSVDOD6ZHGHQ7KH6WDQGDUGEUHGVXVHGLQVWXG\,±,9ZHUHRZQHGE\WKH
'HSDUWPHQWRI&OLQLFDO6FLHQFHV6/88SSVDOD6ZHGHQ7KHKHDOWK\,FHODQGLF
KRUVHVDQG*RWODQGSRQLHVXVHGLQVWXG\,,,ZHUHRZQHGE\WKH6ZHGLVK+RUVH
,QGXVWU\ )RXQGDWLRQ :nQJHQ 6ZHGHQ $OO RWKHU KRUVHV DQG SRQLHV ZHUH
SULYDWHO\RZQHG
$OOKRUVHVLQFOXGHGLQVWXG\,±,9ZHUHFOLQLFDOO\KHDOWK\KDGQRRQJRLQJ
HSLVRGHRI ODPLQLWLVDQGKDGQHJDWLYHWHVWUHVXOWVIRUSLWXLWDU\SDUVLQWHUPHGLD
G\VIXQFWLRQSODVPD$&7+FRQFHQWUDWLRQVZLWKLQ WKHQRUPDO UHIHUHQFHUDQJH
IRU WKH VHDVRQ 6SHFLILF LQFOXVLRQ FULWHULD DUH UHSRUWHG LQ HDFK SDSHU
6XPPDUL]HGGDWDIRUWKHKRUVHVLQYHVWLJDWHGLQHDFKRIWKHVWXGLHVDUHUHSRUWHG
LQ7DEOH$OOKRUVHVLQWKH(06JURXSRIVWXG\,,ZHUHLQFOXGHGLQWKH,'JURXS
RIVWXG\,,,7KH(06,'KRUVHVZHUHWHVWHGGXULQJKRVSLWDOL]DWLRQDIWHUKRXUV
RIDFFOLPDWL]DWLRQWRWKHQHZHQYLURQPHQWZKHUHDVDOORWKHUKRUVHVLQFOXGLQJ
IRXU 6WDQGDUGEUHGV LQ WKH ,' JURXS RI VWXG\ ,,, ZHUH WHVWHG LQ WKHLU KRPH
HQYLURQPHQW
 &RPPHQWVRQPDWHULDOVDQGPHWKRGV


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 6WXG\GHVLJQV
7ZRGLIIHUHQWTXDQWLWDWLYHPHWKRGVWRGHWHUPLQH,6ZHUHXVHGWKH(+&DQGWKH
)6,*77 *OXFRVH DQG LQVXOLQ UHVSRQVH WR RUDOO\ DGPLQLVWHUHG VXJDUV ZDV
HYDOXDWHGXVLQJWKHPRGLILHG267GHYHORSHGDVSDUWRIVWXG\,,DQGWKHPHDO
WROHUDQFHWHVWXVLQJKD\ODJHGLHWV
)HHGZDVZLWKKHOGIRUKRXUVRYHUQLJKWSULRUWRDOOWHVWLQJSURFHGXUHV,Q
KXPDQVDQRYHUQLJKWIDVWSULRUWRERWKLQWUDYHQRXVDQGRUDOJOXFRVHWHVWLQJKDV
EHHQUHFRPPHQGHG'H)URQ]R et al.6WXPYROO et al.0XQL\DSSD et 
al.,QKRUVHVWKHWLPHRIIHHGZLWKGUDZDOKDVYDULHGZLGHO\LH±
KRXUVEHWZHHQVWXGLHVXVLQJG\QDPLFRUDOJOXFRVHWHVWVDQGLQWUDYHQRXVWHVWV
IRU,63UDWW et al.%DQVH	0F)DUODQH'H/DDW et al.'XQEDU 
et al. 6PLWK et al. 7LPHRI IHHGZLWKGUDZDOZLOO HIIHFW JDVWULF
UHWHQWLRQWLPHDIWHURUDODGPLQLVWUDWLRQRIVXJDUV,QRUGHUWRREWDLQFRQVLVWHQW
UHVXOWVLQWKHJOXFRVHG\QDPLFVLWLVWKHUHIRUHLPSRUWDQWWRHPSW\WKHVWRPDFK
SULRUWRRUDOJOXFRVHWHVWLQJ5HFHQWO\DVPDOOHUVWXG\VXJJHVWHGWKDWDKRXU
SHULRGZLWKRXWIHHGZDVVXIILFLHQWSULRUWRWHVWLQJZLWKDQ267%HUWLQ et al.
7KHPRVWRSWLPDOWLPHRIIHHGZLWKGUDZDOSULRUWRWHVWLQJZLWKRUDODQG
LQWUDYHQRXVJOXFRVHWHVWVQHHGVWREHIXUWKHULQYHVWLJDWHG
,QVHUWLRQRILQWUDYHQRXVFDWKHWHUV,QWUDQXOH[PP9\JRQ(FRXHQ
)UDQFH ZDV SHUIRUPHG XQGHU ORFDO DQHVWKHVLD (0/$ $VWUD=HQLFD $%
6|GHUWlOMH 6ZHGHQ WKH QLJKW EHIRUH WKH GLIIHUHQW WHVW SURFHGXUHV LH 267
(+&)6,*77DQGPHDOWROHUDQFHWHVW7ZRFDWKHWHUVZHUHXVHGIRUWKH(+&
DQGWKH)6,*77SURFHGXUHVRQHIRULQIXVLRQRIJOXFRVHDQGLQVXOLQDQGRQHIRU
EORRGVDPSOLQJ)RUWKH267DQGWKHPHDOWROHUDQFHWHVWRQHVLQJOHFDWKHWHUIRU
EORRGVDPSOLQJZDVXVHG%RG\ZHLJKWJHQHUDOERG\FRQGLWLRQ%&6VFDOHWR
 +HQQHNH et al.DQGORFDODGLSRVLW\&16VFDOHWR&DUWHU et al.
DZHUHDVVHVVHGLQDOOKRVHV7KHVWXG\SURWRFROVIRUVWXG\,±,9DUHEULHIO\
GHVFULEHGEHORZ
6WXG\,
6WXG\,ZDVSHUIRUPHGDVDORQJLWXGLQDOVWXG\ODVWLQJIRUZHHNVGLYLGHGLQWR
ILYHGLIIHUHQWSHULRGV3WR3$IWHUDPDLQWHQDQFHSHULRG3ZHLJKWJDLQ
ZDVLQGXFHGE\DFRQWLQXRXVLQFUHDVHRIHQHUJ\LQWDNHWKURXJKDGLHWFRQVLVWLQJ
RI KD\ODJH DPRXQW DGMXVWHG WR YROXQWDU\ LQWDNH RI HDFK LQGLYLGXDO KRUVH
VXSSOHPHQWHGZLWKSHOOHWHGOXFHUQHDQGUDSHVHHGRLO37KLVZDVIROORZHGE\
DVWHDG\VWDWHSHULRG3ZKHUHKRUVHVZHUHIHGWKHVDPHGLHWDWDQDYHUDJHRI
 WLPHV WKHLU GDLO\PDLQWHQDQFH UHTXLUHPHQW RIPHWDEROL]DEOHHQHUJ\ 0(
  

15&7KLVIHHGLQJSHULRGZDVIROORZHGE\DGDSWDWLRQWRSDVWXUHIRURQH
ZHHN3DQGVXEVHTXHQWO\DZHHNSHULRGDWSDVWXUHGXULQJWKHPRVWLQWHQVLYH
JURZLQJVHDVRQRISDVWXUHJUDVV3
$OOKRUVHVZHUHH[DPLQHGZLWKDQ(+&EHIRUHZHLJKWJDLQHQGRI3DIWHU
ZHLJKWJDLQHQGRI3DQGDIWHUIRXUZHHNVDWSDVWXUHHQGRI3)DVWLQJ3
WR3DQGSRVWSUDQGLDO3EORRGVDPSOHVZHUHFROOHFWHGDWDUHJXODUEDVLVWR
PRQLWRUFKDQJHVLQFRQFHQWUDWLRQVRISODVPDLQVXOLQDQGRWKHUPHWDEROLWHV%RG\
ZHLJKW %&6 DQG&16ZHUH UHFRUGHG DW WKH VWDUW RI WKH VWXG\ DQG UHJXODUO\
GXULQJWKHZHHNORQJVWXG\SHULRG
6WXG\,,DQG,,,
$OOKRUVHVLQVWXG\,,DQG,,,ZHUHH[DPLQHGZLWKDQ267LQZKLFK'DQVXNNHU
JO\NRVVLUDSZDVDGPLQLVWHUHGRUDOO\DWDGRVHRIPONJ%:%ORRGVDPSOHV
ZHUHFROOHFWHGLPPHGLDWHO\EHIRUHPLQDQGDWDQG
PLQDIWHURUDODGPLQLVWUDWLRQRIJOXFRVHV\UXSIRUVXEVHTXHQWGHWHUPLQDWLRQRI
SODVPDJOXFRVHDQGSODVPD LQVXOLQ7RDVVHVV WKH UHSHDWDELOLW\RI WKH267LQ
VWXG\ ,, WKH ,FHODQGLFKRUVHV DQG6KHWODQGSRQLHV LQ WKHKHDOWK\JURXSZHUH
H[DPLQHGZLWKWKH267WZLFHZLWKGD\VLQEHWZHHQ$OOKRUVHVLQVWXG\,,,DQG
WKH(06JURXSLQVWXG\,,ZHUHH[DPLQHGZLWKDQ(+&WKHGD\DIWHUWKH267
 
Figure 4.$GPLQLVWUDWLRQRI'DQVXNNHUJO\FRVVLUDSGXULQJDQRUDOVXJDUWHVW3KRWRV-%U|MHU

6WXG\,9
7KHH[SHULPHQWLQVWXG\,9ZDVGHVLJQHGDVDUHSOLFDWHG[/DWLQVTXDUHWR
GHWHUPLQHWKHHIIHFWVRIWKUHHGLIIHUHQWKD\ODJHGLHWVZLWKORZ/:PHGLXP
0: DQG KLJK +: ZDWHU VROXEOH FDUERK\GUDWH :6& FRQWHQW RQ WKH
SRVWSUDQGLDOJOXFRVHDQGLQVXOLQUHVSRQVH:LWKLQEUHHGKRUVHVZHUHDVVLJQHG
WRRQHRIWKUHHJURXSVZLWKWKUHHKRUVHVLQHDFKJURXS(DFKJURXSZDVIHGWKH
WKUHHGLIIHUHQWKD\ODJHGLHWVLQWKUHHSHULRGV33DQG3(DFKSHULRGZDV
VHYHQGD\VORQJ%RWKEUHHGVZHUHVWXGLHGLQSDUDOOHODQGWKHRUGHURIKD\ODJH
GLHWVZHUHUDQGRPL]HGDPRQJJURXSV7KHPHGLDQDQGUDQJHRIGDLO\KD\ODJH
UDWLRQVGXULQJ3WR3ZHUH±NJ'0NJ%:GHSHQGLQJRQ
WKH0(UHTXLUHPHQWRIWKHLQGLYLGXDOKRUVHPDLQWHQDQFHRQO\RUPDLQWHQDQFH
DQGOLJKWH[HUFLVHFDOFXODWHGDFFRUGLQJWR15&DQGWKHFRQWHQWRI0(LQ
HDFKKD\ODJH/:0:DQG+:
,Q WKH PRUQLQJ RI WKH ODVW GD\ RI HDFK SHULRG DPHDO WROHUDQFH WHVW ZDV
SHUIRUPHG LQ ZKLFK KRUVHV ZHUH IHG  NJ '0 KD\ODJH NJ %: 7KLV
DPRXQWZDVFKRVHQDVLWUHSUHVHQWHGDSSUR[LPDWHO\KDOIRIWKHWRWDOGDLO\IRUDJH
DOORZDQFHIRUHDFKKRUVHDQGZDVH[SHFWHGWRHOLFLWDSK\VLRORJLFDOJOXFRVHDQG
LQVXOLQUHVSRQVHEXWVWLOODOORZIRUWZRPRUHIHHGLQJVODWHUGXULQJWKHVDPHGD\
%ORRGVDPSOHVZHUHFROOHFWHGEHIRUHDQGPLQIHHGLQJDQGHYHU\PLQ
SRVWIHHGLQJIRUKRXUVIRUVXEVHTXHQWGHWHUPLQDWLRQRISODVPDJOXFRVHDQG
SODVPDLQVXOLQFRQFHQWUDWLRQV:LWKLQWZRZHHNVDIWHU WKHODVWPHDO WROHUDQFH
WHVWDOOKRUVHVZHUHVXEMHFWHGWRDQ)6,*77
 4XDQWLWDWLYHPHDVXUHVRILQVXOLQVHQVLWLYLW\
(XJO\FHPLFK\SHULQVXOLQHPLFFODPS,,,,,,
7KH (+& WHFKQLTXH UHTXLUHV VNLOOHG DQG H[SHULHQFHG SHUVRQQHO LQ RUGHU WR
HVWDEOLVK FODPSV ZLWK VWHDG\VWDWH VLWXDWLRQV 7KHUHIRUH WKH VDPH SHUVRQV
SHUIRUPHGDOOFODPSV%DVHOLQHEORRGVDPSOHVZHUHFROOHFWHGDIWHUZKLFKD
FRQWLQXRXV UDWH LQIXVLRQ RI JOXFRVH *OXFRVH )UHVHQLXV .DEL  PJPO
)UHVHQLXV  .DEL $% 8SSVDOD 6ZHGHQ DQG UHFRPELQDQW KXPDQ LQVXOLQ
+XPXOLQ5HJXODU(OL/LOO\6ZHGHQ$%6ROQD6ZHGHQZDVLQLWLDWHGWKURXJK
RQHRI WKH MXJXODUFDWKHWHUVXVLQJDPXOWLFKDQQHOYROXPHWULF LQIXVLRQSXPS
&ROOHDJXH 9ROXPHWULF LQIXVLRQ SXPS %D[WHU +HDOWKFDUH 6$ =XULFK
6ZLW]HUODQG7KHLQIXVLRQUDWHIRULQVXOLQZDVKHOGFRQVWDQWDWP,8NJPLQ
DQG D YDULDEOH UDWH RI JOXFRVH ZDV LQIXVHG WR PDLQWDLQ EORRG JOXFRVH
FRQFHQWUDWLRQDWHXJO\FHPLDPPRO/GXULQJWKHKRXULQIXVLRQ7KHJOXFRVH
LQIXVLRQUDWHZDVDGMXVWHGLIWKHFRQFHQWUDWLRQGHYLDWHGE\PRUHWKDQPPRO/

IURP HXJO\FHPLD %ORRG VDPSOHV ZHUH REWDLQHG HYHU\  PLQ IRU LPPHGLDWH
DQDO\VLV RI EORRG JOXFRVH FRQFHQWUDWLRQ XVLQJ D KDQGKHOG JOXFRPHWHU $FFX
&KHFN$YLYD5RFKH'LDJQRVWLFV6FDQGLQDYLD$%%URPPD6ZHGHQDQGHYHU\
PLQWKURXJKRXWWKH(+&IRUVXEVHTXHQWGHWHUPLQDWLRQRISODVPDJOXFRVH
PLQ LQWHUYDOV DQG SODVPD LQVXOLQ  PLQ LQWHUYDOV FRQFHQWUDWLRQV 3ODVPD
JOXFRVH DQGSODVPD LQVXOLQ IURP WKH ILQDO PLQRI WKH(+&ZHUHXVHG IRU
FDOFXODWLRQRI
 0HDQJOXFRVHGLVSRVDOUDWH0
 0HDQJOXFRVHGLVSRVDOUDWHSHUXQLWRILQVXOLQ0,
 0HWDEROLFFOHDUDQFHUDWHIRULQVXOLQ0&5
,Q VWXG\ ,,, WKH 0 ZDV FRUUHFWHG IRU QRQLQVXOLQPHGLDWHG JOXFRVH XSWDNH
1,0*8WRDYRLGDFRQIRXQGLQJIDFWRULQWKHPHDVXUHPHQWRI,67KHUHODWLYH
FRQWULEXWLRQRI1,0*8WRWRWDO0LVVPDOO LQ LQGLYLGXDOVZLWKQRUPDO ,6EXW
ODUJHULQLQGLYLGXDOVZLWK,5%HUJPDQ et al.7KLVVLWXDWLRQFUHDWHVVRPH
WHFKQLFDOGLIILFXOWLHVZKHQLWFRPHVWRGHWHUPLQDWLRQRI,6LQSRSXODWLRQVZLWKD
ZLGHUDQJHRI,6,QVWXG\,,,1,0*8DFFRXQWHGIRUDSSUR[LPDWHO\RIWRWDO
0LQKRUVHVZLWKQRUPDO,6ZKHUHDVLQPRVW,5KRUVHV1,0*8DFFRXQWHGIRU
EHWZHHQDQGRIWRWDO0,WLVWKHUHIRUHLPSRUWDQWWRFRUUHFWIRUWKLVHUURU
VLQFHLWLVQRWKRPRJHQRXV
7KH1,0*8KDVEHHQVKRZQWRKDYHDOLQHDUUHODWLRQVKLSZLWKEORRGJOXFRVH
FRQFHQWUDWLRQVLQERWKKXPDQVDQGGRJVVLQFHLWLVGULYHQE\DPDVVDFWLRQHIIHFW
RIJOXFRVH(GHOPDQ et al.$GHU et al.7KLVOLQHDULW\LVFRQVWDQWDV
ORQJDVWKHUHLVQRLQFUHDVHLQQRQLQVXOLQGHSHQGHQWJOXFRVHXSWDNH$OWHUDWLRQV
LQQRQLQVXOLQGHSHQGHQWJOXFRVHXSWDNHKDVEHHQREVHUYHGLQKXPDQVZLWKW\SH
,,GLDEHWHVPHOOLWXV&DSDOGR et al.DQGLQFULWLFDOO\LOOSDWLHQWV9DQGHQ
%HUJKH1HLWKHURIWKHVHVLWXDWLRQVDUHDSSOLFDEOHIRUWKHKRUVHVXVHGLQ
VWXG\,,,
7KH YDOXH IRU1,0*8ZDV REWDLQHG E\ H[WUDSRODWLQJ GDWD IURP1,0*8
FDOFXODWHG IURP K\SHUJO\FHPLF FODPSV LQ KHDOWK\ 6WDQGDUGEUHGV ZLWK
VRPDWRVWDWLQLQGXFHGLQVXOLQRSHQLD*HRU et al.$ZHDNQHVVLVWKXVWKDW
1,0*8ZDVFDOFXODWHGUDWKHUWKDQPHDVXUHGLQWKHSUHVHQWVWXG\7KH1,0*8
FRXOGKDYHEHHQHVWDEOLVKHGIRU WKH LQGLYLGXDOKRUVHVE\SHUIRUPLQJVWHSZLVH
K\SHUJO\FHPLF FODPSVZLWK VLPXOWDQHRXV VXSSUHVVLRQRI LQVXOLQ UHOHDVH IURP
SDQFUHDV7KLVZDVQRWSRVVLEOH WRDFKLHYHDV WKHFRVWZRXOGKDYH LQFUHDVHG
VLJQLILFDQWO\DQGWKHDGGLWLRQRIDQRWKHUFODPSZRXOGKDYHJHQHUDWHGDWRRODERU
LQWHQVLYHVWXG\

Figure 5.(XJO\FHPLFK\SHULQVXOLQHPLFFODPSSURFHGXUH3KRWRV6/LQGnVH.1RVWHOO
)UHTXHQWO\VDPSOHGLQWUDYHQRXVJOXFRVHWROHUDQFHWHVW,9
%DVHOLQHEORRGVDPSOHVZHUHFROOHFWHG7KHUHDIWHUJOXFRVH*OXFRVH)UHVHQLXV
.DELPJPO)UHVHQLXV.DEL$%8SSVDOD6ZHGHQDWDGRVHRIPJNJ
%:ZDVLQIXVHGLQWUDYHQRXVO\$IWHUPLQP,8NJ%:RIUHFRPELQDQW
KXPDQLQVXOLQ+XPXOLQ5HJXODU(OL/LOO\6ZHGHQ$%6ROQD6ZHGHQGLOXWHG
LQWRPORIVWHULOHVDOLQH1D&OZDVDGPLQLVWHUHGLQWUDYHQRXVO\XVLQJWKH
VDPHFDWKHWHU%ORRGVDPSOHVZHUHFROOHFWHGDW
DQG
PLQLQUHODWLRQWRFRPSOHWLRQRIWKHJOXFRVHLQIXVLRQFRUUHVSRQGLQJWRPLQ
IRUVXEVHTXHQWDQDO\VLVRISODVPDJOXFRVHDQGSODVPDLQVXOLQ
3ODVPDJOXFRVH DQGSODVPD LQVXOLQGDWDZHUH DQDO\]HGXVLQJ WKHPLQLPDO
PRGHO PHWKRG 0LQ0RG 0LOOHQQLXP VRIWZDUH YHUVLRQ  8QLYHUVLW\ RI
3HQQV\OYDQLD.HQQHWW6TXDUH3$86$ZKLFKSURYLGHVHVWLPDWHVIRU
 $FXWHLQVXOLQUHVSRQVHWRJOXFRVH$,5J
 ,QVXOLQVHQVLWLYLW\LQGH[6L
 *OXFRVHHIIHFWLYHQHVV6J
 'LVSRVLWLRQLQGH[',
 5HVSRQVHYDULDEOHVIURPWKHRUDOVXJDUWHVWDQGWKH
PHDOWROHUDQFHWHVW,,,,,,9
*OXFRVHDQGLQVXOLQUHVSRQVHWRRUDOO\DGPLQLVWHUHGVXJDUVZDVHYDOXDWHGXVLQJ
WKH267VWXG\,,,,,DQGWKHPHDOWROHUDQFHWHVWZLWKKD\ODJHGLHWVVWXG\,9
3RVWSUDQGLDOJOXFRVHDQGLQVXOLQFRQFHQWUDWLRQVZHUHXVHGWRFDOFXODWHGLIIHUHQW
UHVSRQVHYDULDEOHVOLVWHGLQ7DEOH6RPHRIWKHUHVSRQVHYDULDEOHVZHUHXVHG
DVLQGLFHVWRHVWLPDWHWKHȕFHOOUHVSRQVHRUWKH,6

7DEOH Variables calculated from postprandial plasma glucose and plasma insulin concentrations 
in response to orally administered sugars 
5HVSRQVHYDULDEOH 7HVW 6WXG\ ,QGH[RI
ȕFHOOUHVSRQVH ,6
3HDN*/8 077 ,9
3HDN,16 267077 ,,,,,,9 ;
73HDN,16 267 ,,,,,
$8&*/8*/8 267077 ,,,9
$8&,16,16,16 267077 ,,,,,,9 ;
$8&,16*/8,16*/8,16*/8 267 ,,, ;
,16,1'(; 267 ,,, ;
,6,&203 267 ,,,,, ;
,6,3($. 267 ,,, ;
,6, 267 ,,, ;
,6 LQVXOLQ VHQVLWLYLW\ 077 PHDO WROHUDQFH WHVW 3HDN*/8 SHDN FRQFHQWUDWLRQ IRU JOXFRVH 3HDN,16 SHDN
FRQFHQWUDWLRQIRULQVXOLQ73HDN,16WLPHPLQWRSHDNFRQFHQWUDWLRQIRULQVXOLQ$8&*/8*/8WRWDORU
PLQDUHDXQGHUWKHFXUYHIRUJOXFRVH$8&,16,16,16WRWDORUPLQDUHDXQGHUWKHFXUYHIRULQVXOLQ
$8&,16*/8 ,16*/8 ,16*/8   RU  PLQ DUHD XQGHU WKH FXUYH IRU LQVXOLQJOXFRVH ,16,1'(;
LQVXOLQRJHQLFLQGH[,6,&203FRPSRVLWHZKROHERG\LQVXOLQVHQVLWLYLW\LQGH[,6,3($.SHDNLQVXOLQVHQVLWLYLW\
LQGH[,6,RUPLQLQVXOLQVHQVLWLYLW\LQGH[5HSRUWHGDVLQFUHPHQWDO$8&LQVWXG\,,,DQG,9
 %ORRGVDPSOHFROOHFWLRQDQGDQDO\VLV
(YDFXDWHG WXEHVFRQWDLQLQJ OLWKLXPKHSDULQ 9DFXHWWHPO*UHLQHU%LR2QH
*PE+.UHPVPQVWHU$XVWULDZHUHXVHG IRUEORRGVDPSOLQJGXULQJ WHVWLQJ
ZLWKWKH267WKH(+&WKH)6,*77DQGWKHPHDOWROHUDQFHWHVWZLWKKD\ODJH
GLHWV6DPSOHWXEHVZHUHLQVWDQWO\SODFHGRQLFHIRUPLQEHIRUHFHQWULIXJDWLRQ
PLQJ7KHVXSHUQDWDQWZDVUHPRYHGDQGDOLTXRWVRISODVPDZHUH
VHSDUDWHGIUR]HQLPPHGLDWHO\DQGVWRUHGDW&XQWLOODWHUDQDO\VLVRISODVPD
JOXFRVHDQGSODVPDLQVXOLQFRQFHQWUDWLRQV
Figure 6.%ORRGVDPSOHFROOHFWLRQDQGVDPSOHKDQGOLQJGXULQJILHOGH[SHULPHQW3KRWRV6/LQGnVH


$QDO\VLVRISODVPDLQVXOLQ
3ODVPD LQVXOLQ FRQFHQWUDWLRQV IURP (+& DQG )6,*77 SURFHGXUHV ZHUH
GHWHUPLQHG XVLQJ D FRPPHUFLDO KXPDQ (/,6$ 0HUFRGLD ,QVXOLQ (/,6$
0HUFRGLD $% 8SSVDOD 6ZHGHQ DQG D FRPPHUFLDO NLW 0HUFRGLD 'LDEHWHV
$QWLJHQ&RQWURO /RZ+LJK+XPDQ0HUFRGLD$%8SSVDOD 6ZHGHQ ZDV
XVHGDVDFRQWURO(QGRJHQRXVHTXLQHSODVPD LQVXOLQFRQFHQWUDWLRQVIURPWKH
267VWKHPHDOWROHUDQFHWHVWVDQGWKHIDVWLQJDQGSRVWSUDQGLDOEORRGVDPSOLQJ
ZHUH GHWHUPLQHG XVLQJ D FRPPHUFLDO HTXLQHRSWLPL]HG (/,6$ 0HUFRGLD
(TXLQH ,QVXOLQ (/,6$ 0HUFRGLD $% 8SSVDOD 6ZHGHQ DQG LQVXOLQ
FRQFHQWUDWLRQVZHUHFRQWUROOHGZLWKDFRPPHUFLDONLW0HUFRGLD$QLPDO,QVXOLQ
&RQWURO/RZ0HGLXP+LJK0HUFRGLD$%8SSVDOD6ZHGHQ$OODQDO\VHV
RISODVPDLQVXOLQFRQFHQWUDWLRQVZHUHSHUIRUPHGLQGXSOLFDWH0HDQLQWUDDVVD\
&9VUDQJHGEHWZHHQDQGIRUHTXLQHLQVXOLQHTXLQHRSWLPL]HG(/,6$
DQGEHWZHHQDQGIRUKXPDQLQVXOLQKXPDQ(/,6$
7KH HTXLQHRSWLPL]HG (/,6$ KDV SUHYLRXVO\ EHHQ HYDOXDWHG LQ RXU
ODERUDWRU\ &OLQLFDO 3DWKRORJ\ /DERUDWRU\ 8QLYHUVLW\ $QLPDO +RVSLWDO
8SSVDOD6ZHGHQZLWKLQWUDDVVD\&9VRI±DQGDQLQWHUDVVD\&9RI
UHSRUWHGgEHUJ et al.+LJKHULQWUDDVVD\&9VRI±DQG
DQLQWUDDVVD\&9RIKDVEHHQUHSRUWHGIRUWKHHTXLQHRSWLPL]HG(/,6$LQ
RWKHU VWXGLHV 7LQZRUWK et al. D %RUHU:HLU et al.  $ UHFHQWO\
SHUIRUPHGVWXG\VKRZHGLQVXOLQFRQFHQWUDWLRQGHSHQGHQWGLIIHUHQFHVLQ&9VIRU
WKHHTXLQHRSWLPL]HG(/,6$ZLWKKLJKHULQWUDDVVD\&9YVIRUORZ
,8P/ LQVXOLQ FRQFHQWUDWLRQV FRPSDUHG WRKLJK ,8P/ LQVXOLQ
FRQFHQWUDWLRQV$OVRWKHLQWHUDVVD\&9ZDVKLJKHUYVIRUORZLQVXOLQ
FRQFHQWUDWLRQVFRPSDUHGWRKLJKLQVXOLQFRQFHQWUDWLRQV:DUQNHQ et al.
,QVXOLQ FRQFHQWUDWLRQV DQDO\]HG XVLQJ WKH HTXLQHRSWLPL]HG (/,6$ KDYH
EHHQUHSRUWHGLQWKHTXDQWLWDWLYHXQLWQJ/,QVXOLQDVVD\VRSWLPL]HGIRUKXPDQ
LQVXOLQHJWKH0HUFRGLD+XPDQ,QVXOLQ(/,6$RU&RDW$&RXQWLQVXOLQ5,$
W\SLFDOO\ UHSRUW LQVXOLQ FRQFHQWUDWLRQV LQ ,8P/ 'XULQJ 0D\  WKH
PDQXIDFWXUHU0HUFRGLD$%8SSVDOD6ZHGHQRIWKHHTXLQHRSWLPL]HGLQVXOLQ
(/,6$ FKDQJHG WKH XQLW RI WKH FDOLEUDWRU FXUYH IURP QJ/ WR ,8P/ WR
IDFLOLWDWH FRPSDULVRQV EHWZHHQ VWXGLHV XVLQJ GLIIHUHQW DVVD\V 'DWD DQDO\]HG
XVLQJ WKHHTXLQHRSWLPL]HG(/,6$SULRU WR0D\FDQEHFRQYHUWHGIURP
QJ/ WR ,8P/ XVLQJ D IDFWRU RI  ,8P/    QJ/ (TXLQH LQVXOLQ
FRQFHQWUDWLRQVDUHUHSRUWHGDVQJ/LQVWXG\,DQG,,DQGDV,8P/LQVWXG\,,,
DQG,9DVZHOODVLQWKLVWKHVLV
  

$QDO\VLVRISODVPDJOXFRVH
,Q VWXG\ ,± ,,,SODVPDJOXFRVHFRQFHQWUDWLRQVZHUHPHDVXUHGHQ]\PDWLFDOO\
ZLWKDQDXWRPDWHGFOLQLFDO FKHPLVWU\DQDO\]HU <6,6WDW3OXV$QDO\]HU
<6, ,QFRUSRUDWHG <HOORZ 6SULQJ 2KLR ,Q VWXG\ ,9 SODVPD JOXFRVH
FRQFHQWUDWLRQV IURP WKH PHDO WROHUDQFH WHVWV ZHUH GHWHUPLQHG ZLWK D
IOXRURPHWULFPHWKRG.&SURJUDPLQ%,27(.)/%,27(.LQVWUXPHQWV
,1&:LOULMN%HOJLXP/RZU\	3DVVRQHDXZKHUHDVSODVPDJOXFRVH
FRQFHQWUDWLRQVIURPWKH)6,*77SURFHGXUHVZHUHPHDVXUHGXVLQJDQDXWRPDWHG
FOLQLFDO FKHPLVWU\ DQDO\]HU $UFKLWHFW F $EERWW 6FDQGLQDYLD $%
'LDJQRVWLFV6ROQD6ZHGHQ$OODQDO\VHVRISODVPDJOXFRVHZHUHSHUIRUPHGLQ
GXSOLFDWHRUWULSOLFDWH7KHPHDQLQWUDDVVD\&9VIRUSODVPDJOXFRVHDQDO\]HG
XVLQJWKH<6,UDQJHEHWZHHQDQG7KHPHDQLQWUDDVVD\&9IRU
JOXFRVHDQDO\]HGXVLQJWKH%,27(.)/ZDVDQGWKHLQWUDDVVD\&9
IRUJOXFRVHPHDVXUHGZLWKWKH$UFKLWHFWFZDVEDVHGRQUHSOLFDWHV
RIWKHVDPHVDPSOH
 )HHGVDPSOHFROOHFWLRQDQGDQDO\VLV
,QVWXG\,VDPSOHVRIKD\ODJHDQGSHOOHWHGOXFHUQHZHUHREWDLQHGWKUHHWLPHV
GXULQJ3WKURXJK3DQGVDPSOHVRISDVWXUHJUDVVZHUHFROOHFWHGHYHU\IRXUWK
GD\GXULQJ3DQG3,QVWXG\,9VDPSOHVRIKD\ODJHZHUHFROOHFWHGDWWKHHQG
RIHDFKSHULRG33DQG3IURPWKHVDPHSDUWRIWKHKD\ODJHEDOHWKDWZDV
IHGWRWKHKRUVHVGXULQJWKHPHDOWROHUDQFHWHVWV$OOIHHGVDPSOHVZHUHIUR]HQ
DQGVWRUHGDW&XQWLOFKHPLFDODQDO\VHVZHUHSHUIRUPHG
$QDO\VHV RI FRQWHQWV RI IUHH JOXFRVH IUHH IUXFWRVH VXFURVH IUXFWDQV DQG
VWDUFKLQIHHGVDPSOHVZHUHSHUIRUPHGXVLQJDQHQ]\PDWLFVSHFWURSKRWRPHWULF
PHWKRG8GpQ7RWDO16&FRQWHQWZDVFDOFXODWHGDVWKHVXPRI:6&DQG
VWDUFK 7RWDO :6& FRQWHQW ZDV FDOFXODWHG DV WKH VXP RI IUHH JOXFRVH IUHH
IUXFWRVHVXFURVHDQGIUXFWDQV7KHFRQWHQW:6&IUXFWDQV:6&IFRPSULVHV
WKHVXPRIIUHHJOXFRVHIUHHIUXFWRVHDQGVXFURVH
 6WDWLVWLFDODQDO\VLV
$OO GDWD ZHUH DQDO\]HG LQ -033UR YHUVLRQ   RU  6$6
,QVWLWXWH ,QF &DU\ 1RUWK &DUROLQD 86$ 9DOXHV ZKHUH P   ZHUH
FRQVLGHUHGDVVWDWLVWLFDOO\GLIIHUHQWLQDOODQDO\VHV$OOGDWDZHUHDQDO\]HGIRU
QRUPDOLW\E\YLVXDODVVHVVPHQWRIUHVLGXDOSORWVSULRU WRDQDO\VLV ,IUHVLGXDOV
ZHUH QRW QRUPDOO\ GLVWULEXWHG GDWD ZHUH HLWKHU SUHVHQWHG DV PHGLDQ DQG
LQWHUTXDUWLOH UDQJH VWXG\ ,,, RU ORJWUDQVIRUPHG/RJWUDQVIRUPHGGDWDZHUH
HLWKHUH[SUHVVHGDVWKHJHRPHWULFPHDQ&,RQWKHRULJLQDOVFDOHDIWHUEDFN


WUDQVIRUPDWLRQVWXG\,,,DQG,9RUSUHVHQWHGDVORJWUDQVIRUPHGGDWDLQVFDWWHU
SORWVVWXG\,,,DQG,9$OORWKHUGDWDZHUHSUHVHQWHGDVOHDVWVTXDUHPHDQV
6(0VWXG\,9RUPHDQ6'VWXG\,±,9DQGUDQJHVWXG\,,
'LIIHUHQFHV LQ SK\VLFDO FKDUDFWHULVWLFV DJH %&6 &16 DQG %: 267
GHULYHGJOXFRVHDQGLQVXOLQYDULDEOHV$8&*/8$8&,16,6,&2033HDN,16DQG
7SHDN,16(+&GDWD0DQG0,DQGPLQLPDOPRGHOYDULDEOHV6L6J$,5J
DQG ', ZHUH FRPSDUHG EHWZHHQ EUHHGV VWXG\ ,, ,9 DQG EHWZHHQ WKH
KHDOWK\1,5DQG(06,'JURXSVVWXG\,,DQG,,,E\XVHRIDQLQGHSHQGHQWW
WHVWDRQHZD\$129$RUDQRQSDUDPHWULFWHVW:LOFR[RQUDQNVXPWHVWDV
DSSURSULDWH
,Q VWXG\ , D RQHZD\$129$ IRU UHSHDWHGPHDVXUHV ZDV XVHG WR VWXG\
GLIIHUHQFHVLQ%&6&16%:DQG(+&GHULYHG,6PHDVXUHVRYHUWLPHGXULQJ
WKHZHHNORQJH[SHULPHQWDOSHULRG%HFDXVHWLPHSRLQWVZHUHQRWHTXLGLVWDQW
D VSDFLDO SRZHU FRYDULDQFH VWUXFWXUH ZDV XVHG WR PRGHO WKH ZLWKLQKRUVH
FRYDULDQFHRYHUWLPH,QVWXG\,,DWZRZD\$129$IRUUHSHDWHGPHDVXUHVZDV
XVHGWRVWXG\GLIIHUHQFHVLQSODVPDJOXFRVHDQGSODVPDLQVXOLQFRQFHQWUDWLRQV
RYHUWLPHGXULQJWKH267EHWZHHQWKHKHDOWK\DQGWKH(06JURXS,QVWXG\,9
DWZRZD\$129$ZLWKFRYDULDQFHVWUXFWXUHZDVXVHGWRLQYHVWLJDWHWKHHIIHFW
RI EUHHG DQG KD\ODJH GLHW RQ UHVSRQVH YDULDEOHV IRU JOXFRVH DQG LQVXOLQ
$8&*/8 $8&*/8 3HDN*/8 $8&,16 $8&,16 DQG 3HDN,16 FDOFXODWHG
IURP WKH PHDO WROHUDQFH WHVWV $ RQHZD\ $129$ ZDV XVHG WR LGHQWLI\
GLIIHUHQFHVLQFKHPLFDOFRPSRVLWLRQEHWZHHQWKHGLIIHUHQWKD\ODJHGLHWV/:
0:DQG+:$OO$129$VZHUHUXQXVLQJWKHPL[HGPRGHOSURFHGXUHDQG
WKH7XNH\.UDPHUSRVWKRFWHVWZDVXVHGWRLGHQWLI\VLPSOHHIIHFWGLIIHUHQFHV
9DULDEOHVZHUHWHVWHGIRUKRPRJHQHLW\RIYDULDQFHVE\XVHRIWKH/HYHQH¶VWHVW
,QVWXG\,, WKHUHSHDWDELOLW\RI WKH267ZDVGHWHUPLQHGXVLQJPHDQ&9V
LQWUDFODVV FRUUHODWLRQ FRHIILFLHQWV ,&&V DQG UHSHDWDELOLW\ FRHIILFLHQWV 5&V
FDOFXODWHG IRU WKH JOXFRVH DQG LQVXOLQ UHVSRQVH YDULDEOHV $8&*/8$8&,16
3HDN,16,6,&20373HDN,163DLUHGWWHVWVZHUHXVHGWRFRPSDUHPHDQYDOXHV
IRUWKHJOXFRVHDQGLQVXOLQYDULDEOHVREWDLQHGIURPWKHUHSHDWHG267V,QWKLV
WKHVLVPHDQ&9VZHUHFDOFXODWHGIRUJOXFRVHDQGLQVXOLQFRQFHQWUDWLRQVIRUDOO
LQGLYLGXDO WLPH SRLQWV GXULQJ WKH 267 %ODQG$OWPDQ DQDO\VHV %ODQG 	
$OWPDQ  ZHUH SHUIRUPHG IRU GHWHUPLQDWLRQ RI WKH PHDQ GLIIHUHQFHV
EHWZHHQ UHSHDWHG WHVWV DQG WKH 5&V IRU SODVPD JOXFRVH DQG LQVXOLQ
FRQFHQWUDWLRQV IRU DOO LQGLYLGXDO VDPSOLQJ WLPH SRLQWV GXULQJ WKH 267 7KH
GLIIHUHQFHVEHWZHHQUHSHDWHGWHVWVZHUHFKHFNHGIRUQRUPDOGLVWULEXWLRQXVLQJ
KLVWRJUDPSORWV7KH5&ZDVFDOFXODWHGDVWLPHVWKH6'RIWKHGLIIHUHQFHVRI
WKHUHSHDWHGJOXFRVHDQGLQVXOLQPHDVXUHPHQWV%ODQG	$OWPDQ7KH
GLIIHUHQFHV EHWZHHQ UHSHDWHG WHVWV PHDVXUHPHQW HUURU IRU LQVXOLQ
  

FRQFHQWUDWLRQVDWDQGPLQVDPSOLQJZHUHSORWWHGDJDLQVWWKHPHDQYDOXH
HVWLPDWHVWKHWUXHYDOXHIRUHDFKVXEMHFW
,Q VWXG\ ,,, VLPSOH OLQHDU UHJUHVVLRQ DQDO\VHV ZHUH XVHG WR VWXG\ WKH
FRUUHODWLRQEHWZHHQLQGLFHVRI,6GHULYHGIURPWKH267,6,&203,6,3($.,6,
DQG,6,DQGTXDQWLWDWLYHPHDVXUHVRI,60DQG0,GHULYHGIURPWKH(+&
'DWDZHUHORJWUDQVIRUPHGSULRUWRDQDO\VLVWRFRUUHFWIRUVNHZHGGLVWULEXWLRQRI
UHVLGXDOV6LPSOHOLQHDUUHJUHVVLRQVZHUHDOVRXVHGLQVWXG\,9WRHYDOXDWHWKH
UHODWLRQVKLS EHWZHHQ UHVSRQVH YDULDEOHV IRU LQVXOLQ 3HDN,16 $8&,16 DQG
$8&,16REWDLQHGIURPWKHPHDOWROHUDQFHWHVWVDQGTXDQWLWDWLYHPHDVXUHPHQWV
RI,6GHULYHGIURPWKH)6,*77'DWDZHUHORJWUDQVIRUPHGSULRUWRDQDO\VLVLQ
RUGHUWRWHVWLIDQHJDWLYHOLQHDUUHODWLRQVKLSVZDVHYLGHQW,QVWXG\,,,DYDULDQW
RI OLQHDUUHJUHVVLRQVZDVXVHGWRVWXG\WKHUHODWLRQVKLSEHWZHHQ267GHULYHG
LQGLFHV RI ȕFHOO UHVSRQVH 3HDN,16 ,16,1'(; $8&,16 $8&,16*/8
$8&,16*/8DQG$8&,16*/8DQG(+&GHULYHG,6PHDVXUHV0DQG0,
7KHVH UHJUHVVLRQV ZHUH DQDO\]HG XVLQJ WKH ILW RUWKRJRQDO FRPPDQG LQ WKH
ELYDULDWHSODWIRUPEHFDXVHWKLVPRGHODGMXVWVIRUPHDVXUHPHQWHUURUVLQERWKWKH
\GHSHQGHQWȕFHOOUHVSRQVHDQG[LQGHSHQGHQW,6YDULDEOHV'DWDZHUHORJ
WUDQVIRUPHG SULRU WR DQDO\VLV LQ RUGHU WR WHVW LI D UHFWDQJXODU K\SHUEROLF
UHODWLRQVKLSZDVHYLGHQW


7KLV VHFWLRQ VXPPDUL]HV WKH PDLQ UHVXOWV IURP WKH VHSDUDWH VWXGLHV 0RUH
GHWDLOHGGHVFULSWLRQVDUHSUHVHQWHGLQHDFKRIWKHSDSHUV,±,9
 (IIHFWVRIREHVLW\DQGSDVWXUHWXUQRXWRQLQVXOLQ
VHQVLWLYLW\,
0HDQ GDLO\ LQWDNH RI 0( LQFUHDVHG IURP  WR  RI PDLQWHQDQFH
UHTXLUHPHQWVIURP3WRWKHHQGRI3)LJXUH'XULQJWKHVDPHWLPHSHULRG
WKHPHDQFRQVXPSWLRQRI:6&ILQFUHDVHGIURPWRJNJ%:'XULQJ
3WKHPHDQLQWDNHRI0(ZDVRIPDLQWHQDQFHUHTXLUHPHQWVDQGPHDQ
FRQVXPSWLRQRI:6&IZDVJNJ%:GXULQJWKHVDPHWLPHSHULRG7KH
PHDQ:6&DQG:6&IFRQWHQW LQ VDPSOHVRISDVWXUHJUDVV Q FROOHFWHG
GXULQJ3±3ZDVDQGRI'0UHVSHFWLYHO\
 
Figure 7.'DLO\LQWDNHRI0(DVDSHUFHQWDJHRIPDLQWHQDQFHUHTXLUHPHQWVEODFNFLUFOHV16&
RUDQJHZKLWHEDUVDQG:6&IRUDQJHEDUVGXULQJPDLQWHQDQFH3DQGZHLJKWJDLQ33
RIVWXG\,'DWDDUHPHDQ6'IRULQWDNHRQWKHILUVWGD\RIHDFKZHHN0(PHWDEROL]DEOHHQHUJ\
16&QRQVWUXFWXUDOFDUERK\GUDWHV:6&IZDWHUVROXEOHFDUERK\GUDWHVIUXFWDQV
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
)URPWKHVWDUWWRWKHHQGRIZHLJKWJDLQ3±3KRUVHVKDGDPHDQLQFUHDVHLQ
%:RIP7KHZHLJKWJDLQZDVDFFRPSDQLHGE\DQRQDYHUDJH
 XQLW P    DQG  XQLW P   LQFUHDVH LQ &16 DQG %&6
UHVSHFWLYHO\7KHUHZDVQR IXUWKHU LQFUHDVH P !  LQ%:&16RU%&6
GXULQJWKHIRXUZHHNORQJSHULRGDWSDVWXUH3DQG3
7KHUHZDVQRIXUWKHUGHFUHDVHLQ0,DQG0&5GXULQJZHLJKWJDLQZKHUHDV
IRXUZHHNVDWSDVWXUHLQFUHDVHGERWK0,DQG0&5)LJXUH7KXVWKHKRUVHV¶
,6ZHUHFRPSDUDEOHEHIRUHDQGDIWHUZHLJKWJDLQEXWLPSURYHGDIWHUWKHSDVWXUH
SHULRG7KHPDJQLWXGHRIWKHSRVWSUDQGLDOLQVXOLQFRQFHQWUDWLRQVDWSDVWXUH3
ZDVFRPSDUDEOHZLWK IDVWLQJ LQVXOLQFRQFHQWUDWLRQVDW WKHHQGRIZHLJKWJDLQ
3
Figure 8. 0HDVXUHVRILQVXOLQVHQVLWLYLW\0,$DQG0&5%GHULYHGIURP(+&SURFHGXUHV
SHUIRUPHGLQQLQH6WDQGDUGEUHGVEHIRUHZHLJKWJDLQ3DIWHUZHLJKWJDLQ3DQGDIWHUIRXU
ZHHNVDWSDVWXUH3GXULQJVWXG\,'DWDDUHSUHVHQWHGDVPHDQ6'DE0HDQVZLWKGLIIHUHQW
VXSHUVFULSWOHWWHUVGLIIHUDWP0,PHDQJOXFRVHGLVSRVDOUDWHSHUXQLWRILQVXOLQ0&5
PHWDEROLFFOHDUDQFHUDWHIRULQVXOLQ(+&HXJO\FHPLFK\SHULQVXOLQHPLFFODPS
 (YDOXDWLRQRIWKHRUDOVXJDUWHVW,,
&DOFXODWHGJOXFRVHDQGLQVXOLQUHVSRQVHYDULDEOHV$8&*/8$8&,163HDN,16
,6,&203DQG7SHDN,16ZHUHQRWGLIIHUHQWEHWZHHQUHSHDWHGWHVWVSHUIRUPHGLQD
JURXSRIKHDOWK\KRUVHVP!0HDQ&9VIRUFDOFXODWHGUHVSRQVHYDULDEOHV
DQGIRULQGLYLGXDOWLPHSRLQWVGXULQJWKH267UDQJHGEHWZHHQDQGIRU
JOXFRVHDQGEHWZHHQDQGIRULQVXOLQ7KHORZHVWDQGKLJKHVWPHDQ
&9IRULQVXOLQZDVIRXQGDWWKHDQGPLQVDPSOLQJWLPHSRLQWUHVSHFWLYHO\
7DEOH  7KH ,&&VZHUH FRPSDUDEOH EHWZHHQ JOXFRVH DQG LQVXOLQ UHVSRQVH
YDULDEOHVUDQJLQJEHWZHHQDQG
0HDQ GLIIHUHQFHV IRU SODVPD JOXFRVH DQG SODVPD LQVXOLQ FRQFHQWUDWLRQV
EHWZHHQ UHSHDWHG267VZHUH DOO FORVH WR  7DEOH  7KH GLIIHUHQFHVZHUH
QRUPDOO\GLVWULEXWHGDQG%ODQG$OWPDQDQDO\VHVFRXOGEHXVHGWRFDOFXODWH5&V
IRUJOXFRVHDQGLQVXOLQIRULQGLYLGXDOVDPSOLQJWLPHSRLQWVGXULQJWKH2677KH
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5&VZHUHODUJHUIRULQVXOLQFRPSDUHGWRJOXFRVHIRUDOOVLQJOHWLPHSRLQWVGXULQJ
WKH2677DEOHDVZHOODVIRUFDOFXODWHGUHVSRQVHYDULDEOHVGDWDUHSRUWHGLQ
SDSHU ,,SDJH7DEOH%ODQG$OWPDQSORWV IRUSODVPD LQVXOLQ VKRZHGD
WHQGHQF\WRZDUGVKHWHURVFHGDVWLFLW\DWPLQZKHUHDVDWHQGHQF\RIDQHJDWLYH
UHODWLRQVKLSEHWZHHQWKHGLIIHUHQFHVDQGWKHPHDQFRQFHQWUDWLRQZDVVHHQDW
PLQ)LJXUH
 
Figure 9.%ODQG$OWPDQSORWVVKRZLQJWKHSDLUHGGLIIHUHQFHVDJDLQVW WKHPHDQYDOXHIRUSODVPD
LQVXOLQFRQFHQWUDWLRQVPHDVXUHGDW$DQG%PLQGXULQJUHSHDWHGRUDOVXJDUWHVWVLQ
KHDOWK\KRUVHVLQVWXG\,,6ROLGOLQHUHSUHVHQWVWKHPHDQGLIIHUHQFHEHWZHHQLQVXOLQYDOXHVREWDLQHG
DWUHSHDWHGWHVWLQJ
7DEOHMean difference and repeatability coefficient (RC) obtained from Bland-Altman analyses 
and mean coefficient of variation (CV) of plasma glucose and plasma insulin for individual 
sampling time points during repeated oral sugar tests in 15 healthy horses in study II. Data are 
presented as mean ± SD 
    
 7HVW 7HVW 0HDQGLIIHUHQFH 5& &9
*OXFRVHPLQ     
*OXFRVHPLQ     
*OXFRVHPLQ     
*OXFRVHPLQ     
*OXFRVHPLQ     
*OXFRVHPLQ     
*OXFRVHPLQ     
,QVXOLQPLQ     
,QVXOLQPLQ     
,QVXOLQPLQ     
,QVXOLQPLQ     
,QVXOLQPLQ     
,QVXOLQPLQ     
,QVXOLQPLQ     
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7KHUHZDVQRGLIIHUHQFHP!EHWZHHQEUHHGV6KHWODQGSRQLHV,FHODQGLF
KRUVHVDQG6WDQGDUGEUHGVIRUDQ\RIWKHJOXFRVHDQGLQVXOLQUHVSRQVHYDULDEOHV
$8&*/8$8&,163HDN,16DQG7SHDN,16FDOFXODWHGIURPWKH267
,QWKHFRPSDULVRQEHWZHHQWKHKHDOWK\DQGWKH(06KRUVHVWKHUHZDVDPDLQ
HIIHFW RI JURXS GXULQJ WKH267 IRU LQVXOLQ P  EXW QRW IRU JOXFRVH
P  $Q LQWHUDFWLRQ EHWZHHQ JURXS KHDOWK\ YV (06 DQG WLPH ZDV
LGHQWLILHGIRUERWKJOXFRVHP DQGLQVXOLQP7KHUHZDVD
ODUJHYDULDWLRQLQWKHPDJQLWXGHDQGVKDSHRIWKHLQVXOLQUHVSRQVHLQWKH(06
KRUVHVZKHUHDVWKHKHDOWK\KRUVHVKDGDPRUHKRPRJHQHRXVUHVSRQVH7KHUHZDV
D ODUJHRYHUODS LQJOXFRVH UHVSRQVHEHWZHHQ WKHKHDOWK\ DQG WKH(06JURXS
)LJXUH7KH(06JURXSPLQKDGDGHOD\HGPHDQWLPHWRSHDN
FRQFHQWUDWLRQIRULQVXOLQ73HDN,16FRPSDUHGWRWKHKHDOWK\JURXSP 
   PLQ *HRPHWULF PHDQV IRU SRVWSUDQGLDO LQVXOLQ UHVSRQVH YDULDEOHV
3HDN,16 DQG $8&,16 ZHUH  ±  WLPHV KLJKHU P   LQ WKH (06
FRPSDUHGWRWKHKHDOWK\JURXS
 
Figure 10.3ODVPDJOXFRVH$DQGSODVPDLQVXOLQ%FRQFHQWUDWLRQVPHDVXUHGGXULQJDQRUDOVXJDU
WHVW LQKHDOWK\KRUVHV Q DQGKRUVHVZLWK(06Q  LQVWXG\ ,, ,QGLYLGXDOKRUVHGDWD
KHDOWK\KRUVHVSDOHEOXHRSHQFLUFOHV(06KRUVHVSDOHRUDQJHRSHQFLUFOHVDQGPHDQJOXFRVH
RU JHRPHWULFPHDQ LQVXOLQ IRU WKH KHDOWK\ EOXH FLUFOHV DQG WKH(06 RUDQJH FLUFOHV JURXS
*URXSVGLIIHUDWP*URXSVGLIIHUDWP(06HTXLQHPHWDEROLFV\QGURPH
 ,QVXOLQVHQVLWLYLW\LQGLFHVIURPWKHRUDOVXJDUWHVW,,
,,,
/LQHDUUHJUHVVLRQDQDO\VHVVWXG\,,,GHPRQVWUDWHGWKDWERWKWKHPRUHDGYDQFHG
,6,&203 DQG WKH VLPSOHU ,6 LQGLFHV FDOFXODWHG IURP RQH VLQJOH EORRG VDPSOH
GXULQJ WKH 267 LH ,6,3($. ,6, DQG ,6, ZHUH LQ JRRG DJUHHPHQW ZLWK
TXDQWLWDWLYH PHDVXUHV RI ,6 0 DQG 0, IURP WKH (+& P
U WR 6HOHFWHG VFDWWHU SORWV VKRZLQJ WKH FRUUHODWLRQ EHWZHHQ ,6
LQGLFHVIURPWKH267DQG0,DUHVKRZQLQ)LJXUH
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Figure 11. 6FDWWHU SORWV VKRZLQJ D OLQHDU FRUUHODWLRQ EHWZHHQ ORJWUDQVIRUPHG GDWD IRU LQVXOLQ
VHQVLWLYLW\LQGLFHV,6,3($.$DQG,6,&203%GHULYHGIURPDQ267DQG0,GHULYHGIURPDQ(+&
LQ1,5EODFNFLUFOHDQG,'EOXHWULDQJOHKRUVHVRIVWXG\,,,7KHVROLGOLQHLVWKHUHJUHVVLRQOLQH
OLQHRIEHVWILWDQGWKHGDVKHGOLQHVDUHWKH&,RIWKHEHVWILW,6,3($.SHDNLQVXOLQVHQVLWLYLW\
LQGH[6,&203FRPSRVLWHZKROHERG\LQVXOLQVHQVLWLYLW\LQGH[267RUDOVXJDUWHVW 0,PHDQ
LQVXOLQ GHSHQGHQW JOXFRVH GLVSRVDO UDWH SHU XQLW RI LQVXOLQ(+& HXJO\FHPLF K\SHULQVXOLQHPLF
FODPS1,5QRUPDOLQVXOLQUHJXODWLRQ,'LQVXOLQG\VUHJXODWLRQ
7KHUHZDV QR GLIIHUHQFH P    LQ JHRPHWULFPHDQV IRU ,6,&203 EHWZHHQ
6KHWODQGSRQLHV,FHODQGLFKRUVHVDQG6WDQGDUGEUHGVLQVWXG\,,+RZHYHUWKH
JHRPHWULFPHDQIRU,6,&203ZDVWLPHVORZHULQWKH(06JURXSFRPSDUHGWR
WKHKHDOWK\JURXSP
 5HODWLRQVKLSEHWZHHQLQVXOLQVHQVLWLYLW\DQGLQGLFHV
RIȕFHOOUHVSRQVHIURPWKHRUDOVXJDUWHVW,,,
8VLQJLQGLFHVRIȕFHOOUHVSRQVH3HDN,16,16,1'(;$8&,16$8&,16*/8
$8&,16*/8 DQG $8&,16*/8 GHULYHG IURP WKH 267 DV GHSHQGHQW
YDULDEOHVDQGTXDQWLWDWLYHPHDVXUHVRI,60DQG0,DVLQGHSHQGHQWYDULDEOHV
LQWKHUHJUHVVLRQPRGHO/Q\ FRQVWDQWȕ/Q[GHPRQVWUDWHGDQHJDWLYH
OLQHDU UHODWLRQVKLS IRUDOOFRPSDULVRQV P U   WR 7KLV
YHULILHVWKDWDQRQOLQHDULQYHUVHUHODWLRQVKLSH[LVWEHWZHHQWKHȕFHOOUHVSRQVH
DQG,6LQKRUVHV
7KH FULWHULRQ IRU D UHFWDQJXODU K\SHUEROLF UHODWLRQVKLS HVWDEOLVKHG LI WKH
UHJUHVVLRQFRHIILFLHQWȕZDVHTXDO WRZDVIXOILOOHGIRUDOOFRPSDULVRQV
EHWZHHQ LQGLFHV RI ȕFHOO UHVSRQVH DJDLQVW0, ,Q FRQWUDVW RQO\  RXW RI 
LQGLFHV RI ȕFHOO UHVSRQVH ,16,1'(; $8&,16*/8 DQG $8&,16*/8
GHPRQVWUDWHGDK\SHUEROLFUHODWLRQVKLSZKHQ,6ZDVGHWHUPLQHGE\WKH0YDOXH
6HOHFWHG VFDWWHUSORWV VKRZLQJ D UHFWDQJXODU K\SHUEROLF UHODWLRQVKLS EHWZHHQ
LQGLFHVRIȕFHOOUHVSRQVHDQG0,DUHSUHVHQWHGLQ)LJXUH
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Figure 12. 6FDWWHU SORWV RI LQGLYLGXDO KRUVH GDWD Q    LOOXVWUDWLQJ D UHFWDQJXODU K\SHUEROLF
UHODWLRQVKLSEHWZHHQ LQGLFHVRIȕFHOO UHVSRQVH3HDN,16 $$8&,16 %$8&,16*/8 &
DQG$8&,16*/8'GHULYHGIURPDQ267DQG0,GHULYHGIURPDQ(+&LQ1,5EODFNFLUFOH
DQG,'EOXHWULDQJOHKRUVHVRIVWXG\,,,$VROLGOLQHOLQHRIEHVWILWUHSUHVHQWVGDWDILWWHGWRD
UHFWDQJXODU K\SHUEROLF FXUYH EDVHG RQ WKH IXQFWLRQ \   FRQVWDQW  [ ZKHUH WKH FRQVWDQW  
GLVSRVLWLRQ LQGH[ 3HDN,16 SHDN FRQFHQWUDWLRQ RI LQVXOLQ $8&,16 DUHD XQGHU WKH FXUYH IRU
LQVXOLQDWPLQ$8&,16*/8DUHDXQGHUWKHFXUYHIRULQVXOLQJOXFRVHDWPLQ$8&,16*/8
 DUHD XQGHU WKH FXUYH IRU LQVXOLQJOXFRVH DW PLQ0, PHDQ LQVXOLQ GHSHQGHQW JOXFRVH
GLVSRVDOUDWHSHUXQLWRILQVXOLQ(+&HXJO\FHPLFK\SHULQVXOLQHPLFFODPS1,5QRUPDOLQVXOLQ
UHJXODWLRQ,'LQVXOLQG\VUHJXODWLRQ
 3RVWSUDQGLDOJOXFRVHDQGLQVXOLQUHVSRQVHIURPWKH
PHDOWROHUDQFHWHVW,9
7KHPHDQ:6&DQG:6&IFRQWHQWRI'0ZDVDQGIRU/:KD\ODJH
DQGIRU0:KD\ODJHDQGDQGIRU+:KD\ODJHUHVSHFWLYHO\7KH
FRQWHQWRI:6&IZDVFRPSDUDEOHEHWZHHQ0:DQG+:KD\ODJHP EXW
KLJKHUIRUERWK0:DQG+:KD\ODJHFRPSDUHGWR/:KD\ODJHP IRU
ERWKFRPSDULVRQV7KHIUXFWDQFRQWHQWZDVKLJKHULQ+:KD\ODJHFRPSDUHGWR
ERWK/:DQG0:KD\ODJHP DQGUHVSHFWLYHO\
$OOJOXFRVH$8&*/8$8&*/83HDN*/8DQGLQVXOLQ$8&,16$8&,16
DQG3HDN,16UHVSRQVHYDULDEOHVZHUHKLJKHUDIWHUDPHDORIERWK0:DQG+:
KD\ODJHLQFRPSDULVRQWR/:KD\ODJHP ±ZKHQERWKEUHHGV
ZHUHFRPELQHG7KHUHZDVQRGLIIHUHQFHEHWZHHQEUHHGVLQ,66LP 
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EXWWKHHDUO\SRVWSUDQGLDOJOXFRVH$8&*/8DQGLQVXOLQ$8&,16UHVSRQVH
ZDVKLJKHULQ,FHODQGLFKRUVHVLQFRPSDULVRQWR6WDQGDUGEUHGVP DQG
UHVSHFWLYHO\ZKHQDOOKD\ODJHGLHWVZHUHFRPELQHG
 5HODWLRQVKLSEHWZHHQLQVXOLQVHQVLWLYLW\DQG
SRVWSUDQGLDOLQVXOLQUHVSRQVHIURPWKHPHDO
WROHUDQFHWHVW,9
,QVXOLQ UHVSRQVH YDULDEOHV 3HDN,16 $8&,16 DQG $8&,16 IURP WKH PHDO
WROHUDQFHWHVWVDVGHSHQGHQWYDULDEOHVDQG6LIURPWKH)6,*77DVLQGHSHQGHQW
YDULDEOHZHUHHYDOXDWHGLQWKHUHJUHVVLRQPRGHO/Q\ FRQVWDQWȕ/Q[
7KLV GHPRQVWUDWHG D QHJDWLYH OLQHDU FRUUHODWLRQ EHWZHHQ WKH LQVXOLQ UHVSRQVH
YDULDEOHVDQG6LDIWHUIHHGLQJKRUVHVDPHDORI0:DQG+:KD\ODJHP
U WR7KLVUHODWLRQVKLSZDVKRZHYHUQRWIRXQGZKHQWKHKRUVHV
ZHUH IHG /: KD\ODJH P !  )LJXUH  7KXV D QRQOLQHDU LQYHUVH
UHODWLRQVKLSEHWZHHQ,6DQGWKHSRVWSUDQGLDOLQVXOLQUHVSRQVHZDVRQO\SUHVHQW
ZKHQKD\ODJHZLWK:6&FRQWHQWRIRI'0ZDVIHG
 
Figure 13.6FDWWHUSORWVVKRZLQJWKHFRUUHODWLRQEHWZHHQORJWUDQVIRUPHGGDWDIRU3HDN,16REWDLQHG
DIWHUIHHGLQJKD\ODJHZLWK$%DQG&ZDWHUVROXEOHFDUERK\GUDWHFRQWHQWRIGU\
PDWWHUDQG6LGHULYHGIURPDQ)6,*77LQ,FHODQGLFKRUVHVDQG6WDQGDUGEUHGVQ RIVWXG\,9
7KHVROLGOLQHLVWKHUHJUHVVLRQOLQHOLQHRIEHVWILWDQGWKHGDVKHGOLQHVDUHWKHFRQILGHQFH
LQWHUYDORIWKHEHVWILW3HDN,16SHDNFRQFHQWUDWLRQRILQVXOLQ6LLQVXOLQVHQVLWLYLW\LQGH[)6,*77
IUHTXHQWO\VDPSOHGLQWUDYHQRXVJOXFRVHWROHUDQFHWHVW
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 (IIHFWVRIREHVLW\GLHWDQGEUHHGRQLQVXOLQ
VHQVLWLYLW\DQGSRVWSUDQGLDOLQVXOLQUHVSRQVH,,,,9
2EHVLW\KDVEHHQLPSOLFDWHGDVDFRQWULEXWLQJIDFWRUIRUGHYHORSPHQWRI,5DQG
K\SHULQVXOLQHPLD LQ VHYHUDO GLIIHUHQW VSHFLHV LQFOXGLQJKXPDQV GRJV UDEELWV
DQGKRUVHV3HLULV et al.+RIIPDQ et al.*D\HW et al.)UDQN 
et al.9LFN et al.(UGPDQQ et al.=KDR et al.'XULQJ
UHFHQW \HDUV WKH HIIHFW RI GLHWLQGXFHG REHVLW\ RQ ,5 LQ KRUVHV KDV EHHQ
LQYHVWLJDWHGLQVHYHUDOVWXGLHV
,QRQHVWXG\KRUVHVZHUHIHGDFRQFHQWUDWHVXSSOHPHQWHGGLHWULFKLQ16&
GXULQJ ZHHNVZKLFK UHVXOWHG LQ D ZHLJKW JDLQ DQG D GHFUHDVH LQ ,6
&DUWHU et al.E7KHH[SHULPHQWDOSURWRFROXVHGLQVWXG\,ZDVVLPLODUWR
WKHRQHXVHGE\&DUWHUDQGFRZRUNHUVEEXWDGLHWORZLQ16&DQGKLJK
LQIDWZDVXVHGLQRUGHUWRLQGXFHREHVLW\,QDGGLWLRQWKHKRUVHVZHUHDOUHDG\
LQDVWDWHRIUHGXFHG,6DWWKHVWDUWRIWKHVWXG\7KHZHHNORQJZHLJKWJDLQ
SHULRGLQGXFHGDLQFUHDVHLQ%:EXWWKHUHZDVQRHIIHFWRQWKHKRUVHV¶,6
7KLVLVLQDJUHHPHQWZLWKUHVXOWVRIVWXGLHVRQKRUVHVIHGDGLHWORZLQ16&DQG
KLJKLQIDWIRURUZHHNVZKHUHDQDSSUR[LPDWHZHLJKWJDLQRI±
ZDVREVHUYHGEXWQRGHFUHDVHLQ,6ZDVLGHQWLILHG4XLQQ et al.%DPIRUG 
et al.D%DPIRUG et al.E7KHVHUHVXOWVVXJJHVWWKDWRWKHUIDFWRUV
VXFKDVWKHGLHWDU\FRPSRVLWLRQKDVDJUHDWHULPSDFWRQDOWHUDWLRQVLQ,6WKDQ
VKRUWWHUP ZHLJKW JDLQ +RZHYHU LW LV LPSRUWDQW WR HPSKDVL]H WKDW LQ WKH
GLIIHUHQW VWXGLHVGLVFXVVHG WKHGHJUHHRIZHLJKWJDLQYDULHGDQGKRUVHVZHUH
RQO\RYHUZHLJKWRUREHVHIRUDVKRUWSHULRGRIWLPH,WLVFRQFHLYDEOHWKDWDPRUH
FKURQLFVWDWHRISURQRXQFHGREHVLW\PLJKWSOD\DUROHLQWKHSDWKRJHQHVHVRI,5
DQG K\SHULQVXOLQHPLD LQ KRUVHV 0RUHRYHU VWXGLHV KDYH VKRZQ WKDW ZHLJKW
UHGXFWLRQLQ,5KRUVHVLPSURYHV,68QJUX et al.0F*RZDQ et al.
 *HQHUDOGLVFXVVLRQ
  

0RUJDQ et al.ZKLFKYHULILHVDFDXVDODVVRFLDWLRQEHWZHHQREHVLW\DQG
,5
3RVWSUDQGLDOK\SHULQVXOLQHPLDDQGGHFUHDVHG,6KDVEHHQREVHUYHGLQQRQ
REHVHKRUVHVDGDSWHGWRGLHWVULFKLQ16&+RIIPDQ et al.7UHLEHU et al.
D3UDWW et al.7KXVGLHWDU\PDQDJHPHQWVKRXOGEHFRQVLGHUHGDVD
NH\VWRQHLQWKHFRQWURODQGSUHYHQWLRQRI,5DQGODPLQLWLVLQKRUVHVDQGSRQLHV
$WSUHVHQWEDVHGRQFOLQLFDOH[SHULHQFHDIRUDJHGLHWZLWK±16&RI
'0 LV UHFRPPHQGHG IRU KRUVHV DQG SRQLHV ZLWK ,5 DQG SRVWSUDQGLDO
K\SHULQVXOLQHPLD *HRU D +RZHYHU VXIILFLHQW VFLHQWLILF HYLGHQFH WR
GHWHUPLQHLIWKHXSSHUOLPLWRI±16&RI'0LVWKHPRVWRSWLPDOFXWRII
LVODFNLQJ
,Q VWXG\ ,9 ZH HYDOXDWHG WKH JOXFRVH DQG LQVXOLQ UHVSRQVH LQ FOLQLFDOO\
KHDOWK\ KRUVHV DIWHU LQWDNH RI KD\ODJH GLHWV ZLWK GLIIHUHQW FRQWHQW RI:6&
$QDO\VLVRIWKHFRQWHQWDQGFRPSRQHQWVRI:6&LQKD\ODJHVKRZHGWKDW0:
DQG+:KD\ODJH KDG D FRPSDUDEOH FRQWHQW RI:6&I JOXFRVH VXFURVH DQG
IUXFWRVH ZKHUHDV WKH IUXFWDQ FRQWHQW ZDV KLJKHU LQ +: FRPSDUHG WR0:
KD\ODJH )UXFWDQV DUH QRW GHJUDGHG E\PDPPDOLDQ HQ]\PHV -RKQVRQ et al.
DQGDUHW\SLFDOO\IHUPHQWHGLQWKHKLQGJXWRIKRUVHV,WKDVEHHQFODLPHG
WKDW VRPH IUXFWDQV PLJKW XQGHUJR GHJUDGDWLRQ SULRU WR WKH ODUJH LQWHVWLQH RI
KRUVHV&RHQHQ et al.DQGWKHUHE\FRQWULEXWHWRWKHSRVWSUDQGLDOLQVXOLQ
UHVSRQVH%DLOH\ et al.'HVSLWHDKLJKHUIUXFWDQFRQWHQWRI+:FRPSDUHG
WR0:WKHRYHUDOOLQVXOLQUHVSRQVHGLGQRWGLIIHUEHWZHHQWKHWZRGLHWV7KLV
LQGLFDWHVWKDWWKHLQIOXHQFHRIIUXFWDQVRQWKHSRVWSUDQGLDOLQVXOLQUHVSRQVHZDV
ORZ LQ WKH SUHVHQW VWXG\ ,W LV WKHUHIRUHPRUH LQWHUHVWLQJ WR VWXG\ WKH LQVXOLQ
UHVSRQVHLQUHODWLRQWRWKHFRQWHQWRI:6&I
$OOWKUHHKD\ODJHVXVHGLQVWXG\,9FDXVHGDSRVWSUDQGLDOLQVXOLQUHVSRQVHLQ
WKHKRUVHVDQGWKHUHVSRQVHZDVDSSUR[LPDWHO\±WLPHVKLJKHUDIWHUIHHGLQJ
KD\ODJHZLWKKLJKRI'0FRPSDUHGWRORZRI'0:6&IFRQWHQW
7KLVLVLQDJUHHPHQWZLWKUHVXOWVIURPDSUHYLRXVVWXG\5LQJPDUN	-DQVVRQ
 LQZKLFK WKH LQVXOLQ UHVSRQVH WR KD\ODJHZLWK :6&I RI'0ZDV
URXJKO\WLPHVKLJKHUFRPSDUHGWRKD\ODJHZLWK:6&IRI'0+RZHYHU
LQWKHVWXG\%RUJLD et al.WKDWKDVEHHQXVHGDVVXSSRUWRIWKHFXUUHQW
DUELWUDU\FXWRIIOLPLW±16&RI'0LQIRUDJHFOLQLFDOO\KHDOWK\KRUVHV
KDGDQDOPRVWDEVHQW LQVXOLQUHVSRQVHWRKD\ZLWK:6&IRI'0DQGWKH
LQVXOLQUHVSRQVHZDVDOPRVWWLPHVKLJKHUZKHQWKHKRUVHVZHUHIHGKD\ZLWK
:6&IRI'0FRPSDUHGWRKD\ZLWK:6&IRI'07KHODUJHYDULDWLRQ
LQLQVXOLQUHVSRQVHWRIRUDJHGLHWVZLWKFRPSDUDEOHFRQWHQWRI:6&ILQGLFDWHV
WKDWRWKHU IDFWRUVEHVLGHV WKH IRUDJHFRQWHQWRI1&6FRQWULEXWH WR WKH LQVXOLQ
VHFUHWLRQIURPWKHȕFHOOVLQKRUVHV


2QHLPSRUWDQWIDFWRUWKDWGHWHUPLQHVWKHSRVWSUDQGLDOLQVXOLQUHVSRQVHLVWKH
KRUVH¶VSUHYDLOLQJ,67KLVZDVGHPRQVWUDWHG LQVWXG\ ,,,ZKHUHDQRQOLQHDU
LQYHUVH UHODWLRQVKLSEHWZHHQȕFHOO UHVSRQVHDQG,6ZDVIRXQG7RVWXG\ WKLV
UHODWLRQVKLSIXUWKHUZHLQYHVWLJDWHGWKHUHODWLRQVKLSEHWZHHQLQVXOLQUHVSRQVH
YDULDEOHVGHULYHGIURPWKHPHDOWROHUDQFHWHVWVDQGTXDQWLWDWLYHPHDVXUHVRI,6
LQ VWXG\ ,9 7KH SRVWSUDQGLDO LQVXOLQ UHVSRQVH ZDV LQYHUVHO\ UHODWHG WR WKH
KRUVHV¶,6ZKHQ0::6&RI'0RU+::6&RI'0KD\ODJH
ZDVIHG7KLVUHODWLRQVKLSZDVKRZHYHUQRWIRXQGZKHQWKHKRUVHVZHUHIHG/:
KD\ODJH :6& RI '0 7KLV GHPRQVWUDWHV WKDW WKH SRVWSUDQGLDO LQVXOLQ
UHVSRQVHDIWHUDPHDORIKD\ODJHLVDIIHFWHGQRWRQO\E\WKHFRQWHQWRIVLPSOH
VXJDUVEXWDOVRGHSHQGVRQWKHKRUVH¶V,6+RZHYHUWKHLQIOXHQFHRI,6RQWKH
SRVWSUDQGLDOLQVXOLQUHVSRQVHDSSHDUVWREHGLPLQLVKHGZKHQWKHFRQWHQWRI:6&
LQIRUDJHLVORZ7RJHWKHUWKHVHUHVXOWVKLJKOLJKWWKHGLIILFXOWLHVRIHVWDEOLVKLQJ
DVDIHXSSHUFXWRIIOLPLWIRU16&FRQWHQWLQIRUDJHDSSOLFDEOHIRUDOOODPLQLWLV
SURQHKRUVHV+RZHYHUWKHUHVXOWVLQGLFDWHWKDWKRUVHVZLWKVHYHUH,5DQGKLJKO\
XSUHJXODWHGȕFHOOUHVSRQVHVKRXOGEHIHGDIRUDJHGLHWZLWKORZHUFRQWHQWRI
16&WKDQZKDWLVFXUUHQWO\UHFRPPHQGHG,QDGGLWLRQIXWXUHUHFRPPHQGDWLRQV
VKRXOGEHEDVHGRQWKHFRQWHQWRI:6&ILQVWHDGRIWRWDO16&RU:6&VLQFH
WKHSRVWSUDQGLDOLQVXOLQUHVSRQVHLVPRUHUHODWHGWRWKHFRQWHQWRIVLPSOHVXJDUV
+\SHULQVXOLQHPLD KDV EHHQ REVHUYHG LQ KRUVHV DQG SRQLHV ZKHQ JUD]LQJ
SDVWXUHZLWKKLJK16&FRQWHQW+HVV et al.7UHLEHU et al.,QVWXG\
,REHVHKRUVHVZLWK UHGXFHG ,6DQGDGHFUHDVHGPHWDEROLFFOHDUDQFH UDWH IRU
LQVXOLQZHUHH[DPLQHGZLWKDQ(+&DIWHUIRXUZHHNVRIXQOLPLWHGH[SRVXUHWR
SDVWXUHJUDVV&RQWUDU\WRWKHH[SHFWHGUHVXOWVFRQWLQXRXVDFFHVVWRSDVWXUHGLG
QRW FDXVH D IXUWKHU GHFUHDVH LQ ,6 EXW LQVWHDG ,6ZDV LPSURYHGZKLFKZDV
DFFRPSDQLHG E\ D SURSRUWLRQDO LQFUHDVH LQ WKH PHWDEROLF FOHDUDQFH UDWH IRU
LQVXOLQ)XUWKHUPRUHWKHKRUVHVGLGQRWGHYHORSSRVWSUDQGLDOK\SHULQVXOLQHPLD
GXULQJWKHSDVWXUHSHULRG
$ VWXG\ 0F,QWRVK  RI JUD]LQJ 7KRURXJKEUHG PDUHV UHYHDOHG D
YDULDWLRQLQSRVWSUDQGLDOLQVXOLQFRQFHQWUDWLRQVDQGVLPSOHLQGLFHVRI,6GXULQJ
WKHSDVWXUHSHULRG+\SHULQVXOLQHPLDDQGGHFUHDVHG,6ZDVDSSDUHQWZKHQWKH
FRQWHQWRI:6&ZDVRI'0EXWQRWZKHQWKH:6&FRQWHQWZDVRI
'00F,QWRVK,QWKHSUHVHQWVWXG\WKHPHDQ:6&FRQWHQWRISDVWXUH
JUDVVZDVRI'0ZKLFKPLJKWKDYHEHHQWRRORZWRKDYHDQHIIHFWRQ,6
7KH WRWDO IHHG LQWDNH IRU HDFK LQGLYLGXDO KRUVH GXULQJ SDVWXUH LV GLIILFXOW WR
SUHGLFW+RZHYHUDVWKHKRUVHVGLGQRWFRQWLQXHWRLQFUHDVHLQ%:RU%&6DW
SDVWXUH D GHFUHDVH LQ QXWULHQW LQWDNH FRPSDUHG WR WKHZHLJKW JDLQ SHULRG LV
OLNHO\ 7KLV FRXOG SRVVLEO\ H[SODLQ ZK\ D IXUWKHU GHFUHDVH LQ ,6 ZDV QRW
REVHUYHGEXWLWLVKDUGHUWRFODULI\ZK\,6ZDVLPSURYHG,PSURYHG,6LQKRUVHV
KDV EHHQ UHSRUWHG LQ UHVSRQVH WR DGDSWDWLRQ WR GLHWV ULFK LQ 16&
  

±JNJ%:IHGWRKRUVHVRQFHRUWZLFHGDLO\%DPIRUG et al.E
-DFRE et al.,QWHUHVWLQJO\LQRQHRIWKHVHVWXGLHV%DPIRUG et al.E
WKH,6LQFUHDVHGLQUHVSRQVHWRWKHKLJK16&GLHWGHVSLWHDFRQFXUUHQWLQFUHDVH
LQ%:RIDSSUR[LPDWHO\
6HYHUDO IDFWRUV VXFK DV WKH GRVH DQG WKH FKURQLFLW\ RI WKH VWLPXOXV LH
IHHGLQJV GD\ GXUDWLRQRI KLJK16& LQWDNH DQG SRVVLEO\PRUH LPSRUWDQW D
PHWDEROLFSUHGLVSRVLWLRQIRU,5WKXVOLNHO\FRQWULEXWHWRZKHWKHURUQRWKRUVHV
GHYHORS,5LQUHVSRQVHWRKLJK16&GLHWV$QLQKHULWHGSUHGLVSRVLWLRQIRU(06
KDVEHHQVXJJHVWHG7UHLEHU et al.EDVFHUWDLQEUHHGVRIKRUVHVDQGSRQLHV
PRUHFRPPRQO\H[KLELWWKH(06SKHQRW\SH)UDQN et al.%DLOH\ et al.
%DPIRUG et al.7KHEUHHGXVHGLQVWXG\,6WDQGDUGEUHGVLVDEUHHG
WKDWGRHVQRW FRPPRQO\H[KLELW WKH(06SKHQRW\SH WKXV UHVXOWVPLJKWKDYH
EHHQGLIIHUHQWLIDEUHHGZLWKDJHQHWLFSUHGLVSRVLWLRQIRU,5KDGEHHQXVHG
%UHHGUHODWHGGLIIHUHQFHVLQ,6DQGSRVWSUDQGLDOLQVXOLQUHVSRQVHVKDYHEHHQ
LGHQWLILHGLQVHYHUDOVWXGLHV+LJKHULQVXOLQUHVSRQVHWRDQLQIHHG2*77RUD
16&ULFKPHDODVZHOODVORZHU,6KDVEHHQIRXQGLQDJURXSRISRQLHVDQG
$QGDOXVLDQ KRUVHV ZKHQ FRPSDUHG WR 6WDQGDUGEUHGV %DPIRUG et al. 
%DPIRUG et al.%DPIRUG et al.E/RZHU,6DQGKLJKHUSRVWSUDQGLDO
267LQVXOLQUHVSRQVHKDVDOVREHHQUHSRUWHGIRUEUHHGVVXFKDV$UDELDQKRUVHV
DQG:HOVK0RXQWDLQSRQLHVZKHQFRPSDUHGWR4XDUWHUKRUVHV0DQIUHGL
:KHQDJURXSRIQDWLYH%ULWLVKSRQLHVZHUHFRPSDUHGWRDJURXSRIPL[HGKRUVH
EUHHGV WKH SRVWSUDQGLDO LQVXOLQ UHVSRQVH ZDV KLJKHU LQ SRQLHV FRPSDUHG WR
KRUVHVDIWHUERWKDQ267DQGDQLQIHHG2*776PLWK et al.
,QFRQWUDVW WR WKHVHSUHYLRXVVWXGLHVQRGLIIHUHQFHVLQJOXFRVHDQGLQVXOLQ
UHVSRQVHYDULDEOHVGHULYHGIURPWKH267ZHUHIRXQGEHWZHHQ6KHWODQGSRQLHV
,FHODQGLFKRUVHVDQG6WDQGDUGEUHGVLQVWXG\,,2QHH[SODQDWLRQPLJKWEHWKDW
WKH 267 LV QRW VHQVLWLYH HQRXJK WR GHWHFW VPDOO GLIIHUHQFHV LQ SRVWSUDQGLDO
LQVXOLQUHVSRQVHEHWZHHQWKHGLIIHUHQWEUHHGV+RZHYHULQDGGLWLRQWRWKLVQR
GLIIHUHQFHV EHWZHHQ ,FHODQGLF KRUVHV DQG 6WDQGDUGEUHGV ZHUH IRXQG IRU
TXDQWLWDWLYH PHDVXUHV RI ,6 GHULYHG IURP WKH ),6*77 LQ VWXG\ ,9 $ VPDOO
VDPSOHVL]HLQFRPELQDWLRQZLWKDUHODWLYHO\ODUJHZLWKLQEUHHGYDULDWLRQFRXOG
H[SODLQZK\QRHIIHFWRIEUHHGZDVIRXQGLQVWXG\,,DQG,97KHUHZDVDOVRD
GLIIHUHQFHLQSK\VLFDODFWLYLW\EHWZHHQWKHEUHHGVLQERWKVWXGLHV$VH[HUFLVH
HQKDQFHV,6LQKRUVHV3RZHOO et al.3UDWW et al.6WHZDUW+XQW et al.
0RUJDQ et al.  LW LV SRVVLEOH WKDW WKHRXWFRPHZRXOGKDYHEHHQ
GLIIHUHQW LI WKHGHJUHHRIDFWLYLW\KDGEHHQVLPLODUEHWZHHQEUHHGV ,QFUHDVHG
SK\VLFDO DFWLYLW\ PLJKW DOVR KDYH FRQWULEXWHG WR WKH LPSURYHG ,6 VHHQ LQ
6WDQGDUGEUHGVDIWHUIRXUZHHNVDWSDVWXUHLQVWXG\,
'HVSLWH VLPLODU ,6 6LEHWZHHQ WKH ,FHODQGLFKRUVHVDQG6WDQGDUGEUHGV LQ
VWXG\ ,9 WKHHDUO\SRVWSUDQGLDOJOXFRVH$8&*/8DQG LQVXOLQ $8&,16


UHVSRQVHZDVKLJKHULQWKH,FHODQGLFKRUVHVFRPSDUHGWRWKH6WDQGDUGEUHGV7KLV
LQGLFDWHVWKDWEUHHGUHODWHGYDULDWLRQVOLQNHGWRJDVWURLQWHVWLQDOIDFWRUVVXFKDV
LQFUHWLQHIIHFWVDQGJOXFRVHDEVRUSWLRQPLJKWEHSUHVHQW,GHQWLILFDWLRQRIEUHHG
UHODWHGIHDWXUHVLQJOXFRVHDQGLQVXOLQG\QDPLFVLVFKDOOHQJLQJDVRWKHUIDFWRUV
VXFKDVDJHVH[VHDVRQGLHWDQGH[HUFLVHPLJKWLQIOXHQFHWKHLQVXOLQUHVSRQVH
DQG,66WHZDUW+XQW et al.7UHLEHU et al.9HUYXHUW et al.
%RUHU:HLU et al.0F&XH et al.-DFRE et al.7KXVLWPLJKW
EHQHFHVVDU\WRVWXG\ODUJHUSRSXODWLRQVRIKRUVHVXQGHUFRQWUROOHGFRQGLWLRQVWR
DFFRXQWIRUWKHVHIDFWRUV
 (YDOXDWLRQRIWKHRUDOVXJDUWHVW,,,,,
'\QDPLF WHVWV WKDW LQYROYH RUDO DGPLQLVWUDWLRQ RI VXJDUV PLPLF WKH IHHGLQJ
VLWXDWLRQ DQGPDNHV LW SRVVLEOH WR VWXG\SRVWSUDQGLDO LQVXOLQ UHVSRQVHV XQGHU
FRQWUROOHGFRQGLWLRQV,QDQ267ZDVGHYHORSHGDQGHYDOXDWHGLQKRUVHV
LQ WKH86$XVLQJ D FRPPHUFLDOO\ DYDLODEOH JOXFRVH V\UXS.DUR OLJKW FRUQ
V\UXS6FKXYHU et al.6FKXYHU et al.7KH.DUROLJKWFRUQV\UXS
LV QRW DYDLODEOH RQ WKH 6FDQGLQDYLDQ PDUNHW 2XU UHVHDUFK JURXS WKHUHIRUH
GHFLGHG WR GHYHORS D PRGLILHG 267 XVLQJ D 6FDQGLQDYLDQ FRPPHUFLDOO\
DYDLODEOHJOXFRVHV\UXS'DQVXNNHUJO\NRVVLUDSVWXG\,,
)RUWKH&RUQV\UXS267DGRVHRIPO.DUROLJKWFRUQV\UXSNJ%:LV
XVHG 6FKXYHU et al.  SURYLGLQJ DSSUR[LPDWHO\ PJ VDFFKDULGHVNJ
%:7KHFRPSRVLWLRQRIWKHVDFFKDULGHVLQFOXGHGLQWKH.DUROLJKWFRUQV\UXS
LVZLWKKHOGE\WKHPDQXIDFWXUHUEXWLWLVDVVXPHGWKDWWKHVDFFKDULGHVRWKHUWKDQ
JOXFRVHKDYHWKHSRWHQWLDOWREHGHJUDGHGWRJOXFRVHLQWKHVPDOOLQWHVWLQH$
GRVH RI PO'DQVXNNHU JO\NRVVLUDSNJ%:ZDV VHOHFWHG IRU WKHPRGLILHG
267ZKLFKSURYLGHVPJVDFFKDULGHVNJ%:7KH'DQVXNNHUJO\NRVVLUDS
LV SURGXFHG IURPZKHDW VWDUFK DQG WKH FRPSRVLWLRQ RI JOXFRVHPDOWRVH DQG
PDOWRWULRVH LV NQRZQ ,Q DGGLWLRQ WKLV JOXFRVH V\UXS FRQWDLQV ROLJR DQG
SRO\VDFFKDULGHV WKDW FRQVLVW RI JOXFRVH XQLWV 7KH WRWDO GRVH RI VDFFKDULGHV
JOXFRVH XQLWV SURYLGHG WR WKH KRUVHV XVLQJ WKH PRGLILHG 267 LV KLJKHU
FRPSDUHGWRWKH&RUQV\UXS267YVPJVDFFKDULGHV7KHFRQWHQWRI
VDFFKDULGHVRI ERWK WKH&RUQ V\UXS267DQG WKHPRGLILHG267 LV KRZHYHU
PXFKORZHUWKDQWKHJOXFRVHGRVHXVHGLQDQ2*77±JJOXFRVHNJ%:
5HFHQWO\DKLJKHUGRVHRI.DUROLJKWFRUQV\UXSPONJ%:SURYLGLQJ
DSSUR[LPDWHO\PJVDFFKDULGHVNJ%:KDVEHHQXVHGLQRUGHUWRHOLFLWDQ
LQVXOLQUHVSRQVHLQYHU\LQVXOLQVHQVLWLYHKRUVHV0DQIUHGL-DFRE et al.
7KLVKLJKHUGRVHRI.DUROLJKWFRUQV\UXSSURYLGHVDVLPLODUGRVHRI
JOXFRVHXQLWVDVWKHPRGLILHG267YVPJVDFFKDULGHV+RZHYHUWKH
PRVW RSWLPDO GRVH RI VXJDU V\UXS IRU WKH GLDJQRVLV RI ,' VWLOO QHHGV WR EH
  

HVWDEOLVKHG7KHDGPLQLVWUDWLRQRIVXJDUV\UXSEHFRPHVOHVVPDQDJHDEOHZLWK
LQFUHDVLQJGRVHVZKLFKDOVRKDVWREHWDNHLQWRFRQVLGHUDWLRQLIDKLJKHUGRVH
VKRXOGEHUHFRPPHQGHGLQWKHIXWXUH
)RUWKH&RUQV\UXS267SHDNLQVXOLQFRQFHQWUDWLRQVJHQHUDOO\RFFXUUHGDW
±PLQDIWHUV\UXSDGPLQLVWUDWLRQLQERWKKHDOWK\KRUVHVDQGLQKRUVHVZLWK
(066FKXYHU et al.6FKXYHU et al.7KLVWLPHLQWHUYDOKDVEHHQ
XVHG IRU VDPSOLQJ LQ FOLQLFDO SUDFWLFH VLQFH WKHQ ,Q FRQWUDVW KHDOWK\%ULWLVK
QDWLYHSRQLHV UHDFKHG WKHLUSHDN LQVXOLQFRQFHQWUDWLRQDOUHDG\DWPLQSRVW
V\UXSDGPLQLVWUDWLRQ .QRZOHV et al.  ,Q VWXG\ ,,ZHGLGQRW ILQGDQ\
EUHHGGLIIHUHQFHVLQWLPHWRSHDNLQVXOLQFRQFHQWUDWLRQGXULQJWKH267ZKLOH
WKH(06KRUVHVKDGDORQJHUWLPHWRSHDNLQVXOLQFRPSDUHGWRWKHKHDOWK\KRUVHV
PLQYVPLQ3ODVPDLQVXOLQFRQFHQWUDWLRQVZHUHKLJKHUDWDOO
WLPHSRLQWVGXULQJWKH267LQWKH(06JURXSFRPSDUHGWRWKHKHDOWK\JURXS
7KHODUJHVWGLIIHUHQFHLQSODVPDLQVXOLQFRQFHQWUDWLRQVRFFXUUHGEHWZHHQDQG
PLQSRVWV\UXSDGPLQLVWUDWLRQ,QDJUHHPHQWZLWKRXUUHVXOWVDUHFHQWVWXG\
SHUIRUPHGRQD ODUJHUSRSXODWLRQRIKRUVHV VXEMHFWHG WR WKH&RUQ V\UXS267
VKRZHGWKDWKRUVHVDQGSRQLHVGHILQHGDV,5EDVHGRQDQ)6,*77KDGKLJKHU
LQVXOLQ FRQFHQWUDWLRQV EHWZHHQ  DQG  PLQ SRVW V\UXS DGPLQLVWUDWLRQ
FRPSDUHGWR,6KRUVHV0DQIUHGL7KLVVXJJHVWVWKDWWKHWLPHIUDPHIRU
VLQJOHEORRGVDPSOLQJGXULQJDQ267FRXOGEHH[WHQGHG WR LQFOXGHPLQ
ZKLFKPDNHVWKHWHVWSURWRFROPRUHWLPHIOH[LEOH
$QDUELWUDU\FXWRIIOLPLWIRULQVXOLQRI!,8P/IRUEORRGVDPSOLQJDW
±PLQKDVEHHQUHFRPPHQGHGIRUGLDJQRVLVRI,'XVLQJWKH&RUQV\UXS
267 )UDQN  )UDQN	7DGURV  7KLV FXWRII YDOXH IRU LQVXOLQ LV
UHSRUWHGLQ,8P/ZKLOHRXULQVXOLQUHVXOWVIURPVWXG\,,DUHUHSRUWHGLQQJ/
$FRQYHUVLRQIDFWRURI,8P/ QJ/gEHUJ et al.ZDVXVHG
LQ VWXG\ ,, IRU FRPSDULVRQV EHWZHHQ WHVW UHVXOWV 7KH FXWRII LQVXOLQ
FRQFHQWUDWLRQ RI  ,8P/ FRUUHVSRQGHG WR  QJ/ LQ VWXG\ ,, $ ORZHU
DUELWUDU\FXWRIIYDOXHIRULQVXOLQRI!,8P/IRUEORRGVDPSOLQJDW±
PLQKDVUHFHQWO\EHHQVXJJHVWHGIRUWKH&RUQV\UXS267(TXLQH(QGRFULQRORJ\
*URXSDQGWKLVFXWRIIYDOXHKDVEHHQXVHGWRGHILQH,'LQVRPHRWKHU
VWXGLHV5HVWLIR et al.)UDQN et al.)UDQN	:DOVK8VLQJ
WKHFRQYHUVLRQIDFWRURI,8P/ QJ/SURYLGHGE\WKHPDQXIDFWXUHU
RI WKH HTXLQHRSWLPL]HG (/,6$ 0HUFRGLD $% 8SSVDOD 6ZHGHQ DQG UH
H[DPLQLQJWKHUHVXOWVIURPVWXG\,,VKRZVWKDWRXWRIWKHKRUVHVLQWKHKHDOWK\
JURXSDWWKHPLQVDPSOLQJDQGDWWKHPLQVDPSOLQJKDGSODVPD
LQVXOLQFRQFHQWUDWLRQVRI,8P/)RUWKH(06KRUVHVDQGKDG
LQVXOLQFRQFHQWUDWLRQVRI!,8P/DWDQGPLQVDPSOLQJUHVSHFWLYHO\
7KHFXWRIIFRQFHQWUDWLRQIRULQVXOLQRI,8P/LVFXUUHQWO\EHLQJXVHGLQ
RXU ODERUDWRU\ &OLQLFDO 3DWKRORJ\ /DERUDWRU\ 8QLYHUVLW\ $QLPDO +RVSLWDO


8SSVDOD 6ZHGHQ IRU GLDJQRVLV RI ,' XVLQJ WKHPRGLILHG267 7KLV FXWRII
YDOXHZDVDOVRXVHGWRGHILQHKRUVHVZLWK,'LQVWXG\,,,$QHYHQORZHUFXWRII
OLPLW IRU LQVXOLQRIDSSUR[LPDWHO\,8P/XVLQJ WKH&RUQ V\UXS267KDV
UHFHQWO\EHHQSURSRVHGWREHLQGLFDWLYHRI,5EDVHGRQUHVXOWVIURP52&FXUYHV
ZLWK WKH )6,*77 DV JROG VWDQGDUG PHWKRG IRU ,5 0DQIUHGL et al. 
0DQIUHGL7KXVWKHPRVWRSWLPDOFXWRII267LQVXOLQFRQFHQWUDWLRQIRU
GLDJQRVLVRI,'LV\HWWREHHVWDEOLVKHG
$KLJKHUUHSHDWDELOLW\LHORZHUPHDQ&9VDQGORZHU5&VZDVIRXQGIRU
JOXFRVHFRPSDUHGWRLQVXOLQIRUWKHLQGLYLGXDOVDPSOLQJWLPHSRLQWVGXULQJWKH
267LQVWXG\,,+LJKHUUHSHDWDELOLW\IRUJOXFRVHFRPSDUHGWRLQVXOLQG\QDPLFV
RIWKH&RUQV\UXS267KDVEHHQIRXQGLQDSUHYLRXVVWXG\UHSRUWLQJPHDQ&9V
RIIRU$8&*/8DQGIRU$8&,166FKXYHU et al.,QVSLWHRI
ORZHU YDULDELOLW\ WKH JOXFRVH G\QDPLFV GXULQJ DQ267 KDV D SRRU DELOLW\ WR
VHSDUDWHKHDOWK\KRUVHVIURPKRUVHVZLWK,'YLVXDOL]HGE\WKHODUJHRYHUODSLQ
JOXFRVHUHVSRQVHEHWZHHQWKHKHDOWK\DQGWKH(06JURXS)LJXUH
7KH RYHUDOO UHSHDWDELOLW\ RI WKH LQVXOLQ G\QDPLFV GXULQJ WKH 267 ZDV
FRQVLGHUHG DV PRGHUDWH EDVHG RQ 5&V ,&&V DQG PHDQ &9V )RU LQVXOLQ
FRQFHQWUDWLRQVDWLQGLYLGXDOWLPHSRLQWVGXULQJWKH267WKHEHVWFRPELQDWLRQRI
ORZ5&DQGORZPHDQ&9ZDVIRXQGDWWKHPLQVDPSOLQJ,WLVQRWVXUSULVLQJ
WKDWWKHLQVXOLQG\QDPLFVGXULQJDQ267VKRZVDPRGHUDWHUHSHDWDELOLW\DVWKH
UHVXOWVDUHLQIOXHQFHGE\VHYHUDOSK\VLRORJLFDOIDFWRUVVXFKDVJDVWULFHPSW\LQJ
LQWHVWLQDO JOXFRVH DEVRUSWLRQ DQG LQFUHWLQ HIIHFWV )HUUDQQLQL 	0DUL 
.URQIHOG et al.ZKLFKDOOFDQFRQWULEXWHWRWKHZLWKLQKRUVHYDULDELOLW\LQ
267UHVXOWV7KHLQWHUDQGLQWUDDVVD\YDULDELOLW\IRULQVXOLQDUHRWKHUIDFWRUV
WKDWFDQDIIHFWWKHUHSHDWDELOLW\RIWKHWHVW3UHYLRXVVWXGLHVKDYHUHSRUWHG&9V
RI%U|MHU et al.DQG3UDWW et al.IRULQVXOLQG\QDPLFV
GXULQJUHSHDWHGWHVWLQJXVLQJWKH&*,7DQGWKH)6,*77PHWKRGVUHVSHFWLYHO\
7KXV WKH UHSHDWDELOLW\ RI WKH 267 DSSHDUV WR EH FRPSDUDEOH WR WKHVH PRUH
VSHFLILFLQWUDYHQRXVPHWKRGVXVHGIRUGHWHUPLQDWLRQRI,6
0HDQGLIIHUHQFHVIRUSODVPDJOXFRVHDQGSODVPDLQVXOLQFRQFHQWUDWLRQVIRU
UHSHDWHG267VGHULYHGIURP%ODQG$OWPDQDQDO\VHVZHUHDOOFORVH WR7KLV
LQGLFDWHVWKDWQRV\VWHPLFGLIIHUHQFHVEHWZHHQUHVXOWVIURPUHSHDWHGWHVWVZHUH
SUHVHQW %ODQG$OWPDQ SORWV IRU SODVPD LQVXOLQ VKRZHG D WHQGHQF\ WRZDUGV
KHWHURVFHGDVWLFLW\ DW  PLQ ZKHUHDV D WHQGHQF\ RI D QHJDWLYH UHODWLRQVKLS
EHWZHHQ WKH GLIIHUHQFHV DQG WKH PHDQ FRQFHQWUDWLRQ ZDV VHHQ DW  PLQ
&RQVLGHULQJWKHIHZKRUVHVLQFOXGHGLQWKLVDQDO\VLVQ QRFRQFOXVLRQVRI
WKLV HIIHFW FDQ EH GUDZQ DV VDPSOHV VL]HV RI DW OHDVW  DUH JHQHUDOO\
UHFRPPHQGHGIRU%ODQG$OWPDQDQDO\VLV%ODQG7KHPHDQYDOXHVIRU
LQVXOLQDWDQGPLQIRUWKHUHSHDWHG267VLQKHDOWK\KRUVHVZHUHDQG
,8P/ UHVSHFWLYHO\ DQG WKH 5&V IRU WKH VDPH WLPH SRLQWVZHUH  DQG 
  

,8P/UHVSHFWLYHO\$KHDOWK\KRUVHZLWKLQVXOLQFRQFHQWUDWLRQVRIDQG
,8P/DWDQGPLQVDPSOLQJRIDQ267FDQWKXVZLWKFRQILGHQFHEH
H[SHFWHGWRKDYHLQVXOLQFRQFHQWUDWLRQVRIDQG,8P/DERYHRUEHORZ
WKHVHUHVXOWVDWUHWHVWLQJ,QKRUVHVZLWK,'WKH5&VDWDQGPLQVDPSOLQJV
FDOFXODWHGIURPGDWDUHWULHYHGIURP)UDQN	:DOVKDUHKLJKHUFRPSDUHG
WRKHDOWK\KRUVHV'XHWRWKHKLJKHU5&LQ,'KRUVHVWHVWUHVXOWVVKRXOGRQO\EH
LQWHUSUHWHG DV LPSURYHG LI WKH LQVXOLQ FRQFHQWUDWLRQ GXULQJ D UHSHDWHG 267
GHFUHDVHV ZLWK DW OHDVW  ,8P/ 7KLV YDULDWLRQ LQ DEVROXWH LQVXOLQ
FRQFHQWUDWLRQVEHWZHHQUHSHDWHGWHVWVHPSKDVL]HVWKDWFOLQLFLDQVPXVWEHFDUHIXO
ZKHQ LQWHUSUHWLQJ WHVW UHVXOWV WKDW DUH FORVH WR WKH FXWRII FRQFHQWUDWLRQ 
,8P/DWDQGPLQVDPSOLQJ+RZHYHUZKHQDELQDU\RXWFRPHLVXVHG
WRGHILQHGKRUVHVDVKHDOWK\RU,'EDVHGRQLQVXOLQFRQFHQWUDWLRQVRIRU
,8P/DW±PLQVDPSOLQJWKHUHSHDWDELOLW\RIWKH267LVKLJKHU
N ±)UDQN	:DOVK.QRZOHV et al.0RUHRYHUZKHQ
WKH267ZDVXVHGWRFRPSDUHKHDOWK\KRUVHVDQGKRUVHVZLWK(06LQVWXG\,,
LQVXOLQ FRQFHQWUDWLRQV GLIIHUHG EHWZHHQ JURXSV IRU DOO LQGLYLGXDO WLPH SRLQWV
GXULQJWKH267DVZHOODVIRUFDOFXODWHGLQVXOLQYDULDEOHV7KLVLQGLFDWLQJWKDW
WKH267LVDYDOXDEOHWHVWWRGLIIHUHQWLDWHQRUPDOKRUVHVIURPKRUVHVZLWK,'
,WKDVEHHQVXJJHVWHGWKDWWKHG\QDPLFRUDOJOXFRVHWHVWVLHWKH2*77DQG
WKH267PRUHFORVHO\PLPLFJOXFRVHDQGLQVXOLQG\QDPLFVGXULQJSK\VLRORJLFDO
FRQGLWLRQVWKDQWKH(+&RUWKH)6,*777KH2*77DQGWKH&RUQV\UXS267
KDYHSUHYLRXVO\EHHQHYDOXDWHGDJDLQVWGLIIHUHQW LQWUDYHQRXV WHVWVEXWRQO\D
IHZVWXGLHVKDYHXVHGTXDQWLWDWLYHPHWKRGVWRGHWHUPLQH,6LHWKH)6,*77RU
WKH(+&$SRRUDJUHHPHQWDVZHOO DVD ODFNRI OLQHDU UHODWLRQVKLSEHWZHHQ
LQVXOLQG\QDPLFVGHULYHGIURPWKH267DQGTXDQWLWDWLYHPHDVXUHVRI,6REWDLQHG
IURPDQ)6,*77RUDQ(+&KDYHEHHQUHSRUWHG %DQVH	0F)DUODQH
'XQEDU et al.2QHH[SODQDWLRQIRUWKHGLVFUHSDQF\LQUHVXOWVPLJKWEHD
ORZHU VHQVLWLYLW\ RI WKH 267 FRPSDUHG WR WKH TXDQWLWDWLYH PHWKRGV 7KH
DVVXPSWLRQRIDOLQHDUUHODWLRQVKLSEHWZHHQSRVWSUDQGLDOLQVXOLQUHVSRQVHGDWD
DQGTXDQWLWDWLYHPHDVXUHVRI,6PLJKWEHDQRWKHUH[SODQDWLRQ,QVWXG\,,,DQRQ
OLQHDULQYHUVHUHODWLRQVKLSZDVVKRZQEHWZHHQLQGLFHVRIȕFHOOUHVSRQVHGHULYHG
IURPWKH267DQGTXDQWLWDWLYHPHDVXUHVRI,6LQKRUVHVGHILQHGDV,6WRVHYHUHO\
,56LPLODUUHVXOWVZHUHIRXQGLQDQRWKHUVWXG\LQKRUVHVZLWKYDULDEOH,6ZKHUH
LQVXOLQGDWD IURPDQ LQIHHG2*77ZHUHFRPSDUHGZLWK6LGHULYHG IURP WKH
)6,*77%DPIRUG et al.7KLVLPSOLHVWKDWWKHLQVXOLQUHVSRQVHGHULYHG
IURPRUDOJOXFRVHWHVWVGHSHQGRQWKHKRUVH¶VSUHYDLOLQJ,6HYHQWKRXJKWKHWHVWV
GRQRWPHDVXUH,6SHUVH$VDFRQVHTXHQFHRIWKHQRQOLQHDULQYHUVHUHODWLRQVKLS
EHWZHHQWKHȕFHOOUHVSRQVHDQG,6ODUJHFKDQJHVLQ,6IRUKRUVHVZLWKKLJK,6
ZLOORQO\UHVXOW LQVPDOOFKDQJHV LQSRVWSUDQGLDO LQVXOLQVHFUHWLRQ)RUKRUVHV
ZLWKLQWKHUDQJHRIQRUPDO,6WKHUHODWLRQVKLSEHWZHHQWKHȕFHOOUHVSRQVHDQG


,6WKXVPLJKWDSSHDUDVOLQHDUZKLFKFRXOGH[SODLQZK\DOLQHDUUHODWLRQVKLSKDV
EHHQIRXQGEHWZHHQLQVXOLQGDWDIURPDQ2*77DQGTXDQWLWDWLYHPHDVXUHVRI,6
LQKRUVHVZLWKQRUPDO,63UDWW3KLOOLSV et al.7KHRSSRVLWHVLWXDWLRQZLWK
PRUH SURQRXQFHG LQVXOLQ VHFUHWLRQ RFFXUV ZKHQ WKH KRUVH EHFRPH ,5 7KLV
YHULILHV WKDW WKH267 LV QRW DQ LGHDO GLDJQRVWLF PHWKRG IRU LGHQWLILFDWLRQ RI
KRUVHV FORVH WR GHYHORSLQJ ,5 RU ZLWK PLOG ,5 LH WKH KRUVHV WKDW FDQ EH
SUHGLFWHGWRIDOOFORVHWRWKHFXWRIILQVXOLQFRQFHQWUDWLRQRI,8P/GXULQJ
DQ267+RZHYHUWKH267LVEHWWHUVXLWHGWRGHWHFWFKDQJHVLQWKHSRVWSUDQGLDO
LQVXOLQ UHVSRQVH LQ KRUVHV ZLWK PDUNHG ,5 ZKHUH WKH LQVXOLQ VHFUHWLRQ LV
SURQRXQFHG
$OWKRXJKWKHG\QDPLFRUDOJOXFRVHWHVWVGRHVQRWPHDVXUH,6SHUVHGLIIHUHQW
LQGLFHVEDVHGRQGDWD IURPDQ2*77KDYHEHHQXVHGERWK LQKXPDQVDQG LQ
KRUVHVWRHVWLPDWH,60DWVXGD	'H)URQ]R*XWW et al.6WXPYROO 
et al.  3UDWW3KLOOLSV et al.  7KHVH ,6 LQGLFHV DUH PDWKHPDWLFDO
YDULDQWVRIGDWDXVHGIRUHVWLPDWLQJWKHȕFHOOUHVSRQVHZKLFKE\LQYHUVLRQKDYH
EHHQWUDQVIRUPHGWRFRUUHODWHOLQHDUO\WRTXDQWLWDWLYHPHDVXUHVRI,6$PRGHUDWH
WRKLJKOLQHDUFRUUHODWLRQU WREHWZHHQWKHPRVWFRPPRQO\XVHG
LQGH[LQKXPDQV,6,&2030DWVXGD	'H)URQ]RDQG,6REWDLQHGE\WKH
(+&KDYHEHHQGHWHUPLQHGLQERWKKXPDQVDQGKRUVHV0DWVXGD	'H)URQ]R
3UDWW3KLOOLSV et al.,QDJUHHPHQWZLWKWKHVHSUHYLRXVVWXGLHVZH
IRXQGDKLJKFRUUHODWLRQEHWZHHQDOO267 LQGLFHV ,6,&203 ,6,3($. ,6,DQG
,6,DQG,6PHDVXUHVIURPWKH(+&LQVWXG\,,,7KH,6,&203FRXOGDOVREH
XVHGWRGLIIHUKHDOWK\KRUVHVIURPKRUVHVZLWK(06LQVWXG\,,7KHUHVXOWVWKXV
YHULI\ WKDW 267GHULYHG ,6 LQGLFHV FDQ EH XVHG WR HVWLPDWH ,6 LQ KRUVHV
+RZHYHU DV WKHVH LQGLFHV RI ,6 DUH PDWKHPDWLFDO YDULDQWV RI GDWD XVHG IRU
HVWLPDWLQJWKHȕFHOOUHVSRQVHWKHELDVRIWKHVHGDWDZLOOEHSURSDJDWHGWRWKH
LQGLFHVRI,67KXVWKH267GHULYHGLQGLFHVRI,6ZLOOQRWDFFXUDWHO\GHWHUPLQH
,6 LQ KRUVHV ZLWK PLOG ,5 EXW EHFRPHV YDOXDEOH IRU WKH DVVHVVPHQW RI
LPSURYHPHQWV RU GHWHULRUDWLRQV LQ ,6 LQ KRUVHV ZLWK SURQRXQFHG ,5 DQG
XSUHJXODWHGȕFHOOUHVSRQVH
 1RQOLQHDULQYHUVHUHODWLRQVKLSEHWZHHQLQVXOLQ
VHQVLWLYLW\DQGȕFHOOUHVSRQVH,,,,9
,QVXOLQVHQVLWLYLW\DQGȕFHOOUHVSRQVHKDYHEHHQVKRZQWREHLQYHUVHO\UHODWHG
LQKXPDQVDQGGRJV.DKQ et al.0LWWHOPDQ et al.%HUJPDQ et al.
,QVWXG\,,,ZHVKRZHGWKDWDVLPLODUUHODWLRQVKLSDOVRH[LVWVLQKRUVHV
0RUHRYHU D UHFWDQJXODU K\SHUEROLF UHODWLRQVKLS ZDV IRXQG IRU  RI WKH 
FRPSDULVRQV EHWZHHQ LQGLFHV RI ȕFHOO UHVSRQVH GHULYHG IURP WKH 267 DQG
  

TXDQWLWDWLYHPHDVXUHVIRU,6ZKLFKYHULILHV WKDW WKH267LVDWHVW WKDWFDQEH
XVHGWRHVWLPDWHWKHȕFHOOUHVSRQVH
,QDUHFWDQJXODUK\SHUEROLFUHODWLRQVKLS WKHSURGXFWRIWKHȕFHOOUHVSRQVH
DQG ,6 LV FRQVWDQW IRU D JLYHQ GHJUHH RI JOXFRVH WROHUDQFH 7KLV SURGXFW',
%HUJPDQ et al.  .DKQ et al.  %HUJPDQ et al.  FDQ EH
FRQVLGHUHGDVDPHDVXUHRISDQFUHDVIXQFWLRQDOLW\LHDPHDVXUHRIWKHȕFHOOV¶
DELOLW\WRFRPSHQVDWHIRUGHFUHDVHG,6'XULQJGHYHORSPHQWRI,5WKHȕFHOOV¶
UHOHDVHRILQVXOLQLVLQFUHDVHGDQGFRPSHQVDWLRQZLOOEHDGHTXDWHDVORQJDV',
UHPDLQVFRQVWDQWLHFRPSHQVDWHG,5ZLWKQRUPDOJOXFRVHWROHUDQFH:KHQWKH
LQVXOLQ UHOHDVH IURP WKH ȕFHOOV EHFRPHV LQDGHTXDWH LQ UHODWLRQ WR ,5
GHFRPSHQVDWHG,5JOXFRVHLQWROHUDQFHDQGW\SH,,GLDEHWHVPHOOLWXVGHYHORS
ZKLFKLVDVVRFLDWHGZLWKDGHFUHDVHLQ',,QKRUVHVW\SH,,GLDEHWHVPHOOLWXVLV
UDUHDQGWKHȕFHOOVDSSHDUWRIXOO\FRPSHQVDWHIRUWKH,5RYHUDORQJWLPHSHULRG
7KXVWKHUHDUHIHZHUFOLQLFDODSSOLFDWLRQVIRUWKHXVHRI',LQKRUVHVFRPSDUHG
WR KXPDQV 'LVSRVLWLRQ LQGH[ ZDV RULJLQDOO\ GHYHORSHG IURP WKH PLQLPDO
PRGHOLQJRI)6,*77GDWDDQGLVFDOFXODWHGDV6L$,5J%HUJPDQ et al.
'XULQJUHFHQW\HDUV',KDVEHHQUHSRUWHGLQVHYHUDOVWXGLHVRIKRUVHVVXEMHFWHG
WRDQ)6,*777UHLEHU et al.E&DUWHU et al.E%DPIRUG et al.
3UDWW3KLOOLSV et al.'XQEDU et al.-DFRE et al.$UHFWDQJXODU
K\SHUEROLFUHODWLRQVKLSEHWZHHQWKHLQGLFHVRIȕFHOOUHVSRQVH$,5JDQGWKH
PHDVXUHRI,66LGHULYHGIURPWKH)6,*77KDVQRW\HWEHHQGHPRQVWUDWHGLQ
KRUVHV7KHUHIRUHWKHXVHRIWKHVH',VDVDPHDVXUHRIWKHSDQFUHDVIXQFWLRQDOO\
DUHQRWMXVWLILHGLQWKHKRUVH
(YHQLIWKHUHLVDQRQOLQHDULQYHUVHUHODWLRQVKLSEHWZHHQȕFHOOUHVSRQVHDQG
,6 WKH UHODWLRQVKLS PD\ QRW DOZD\V IXOILOO WKH PDWKHPDWLFDO FULWHULRQ IRU D
UHFWDQJXODU K\SHUEROLF UHODWLRQVKLS )HUUDQQLQL 	0DUL  5HVXOWV IURP
VWXG\,,,DQG,9VKRZHGWKDWDQRQOLQHDULQYHUVHUHODWLRQVKLSFDQEHGHVFULEHG
EHWZHHQ,6DQGLQGLFHVRIȕFHOOUHVSRQVHXVLQJSRVWSUDQGLDOLQVXOLQGDWDIURP
ERWK WKH267 DQG WKHPHDO WROHUDQFH WHVWZLWKKD\ODJH GLHWV+RZHYHU RQO\
LQGLFHVRIȕFHOOUHVSRQVHGHULYHGIURPWKH267FRUUHODWHGK\SHUEROLFDOO\WR,6
3ULRUWRHYDOXDWLRQRIDUHFWDQJXODUK\SHUEROLFUHODWLRQVKLSEHWZHHQLQGLFHVRI
ȕFHOO UHVSRQVH DQG ,6 GDWD LV ORJWUDQVIRUPHG WR ILW D OLQHDU UHODWLRQVKLS$
OLQHDUUHJUHVVLRQPRGHOLVWKHQXVHGWKDWDGMXVWVIRUPHDVXUHPHQWHUURUVLQERWK
WKH \ GHSHQGHQW ȕFHOO UHVSRQVH DQG [ LQGHSHQGHQW   ,6 YDULDEOHV 7KH
FULWHULRQ IRU D UHFWDQJXODU K\SHUEROLF UHODWLRQVKLS LV WKDW WKH UHJUHVVLRQ
FRHIILFLHQWȕLVHTXDOWR
7KHHUURU HVWLPDWHV &9V IRU LQVXOLQ UHVSRQVHYDULDEOHVGHULYHG IURP WKH
PHDOWROHUDQFHWHVWXVLQJKD\ODJHGLHWVZHUHQRWNQRZQSULRUWRWKHSHUIRUPDQFH
RIVWXG\,97KHVHHUURUHVWLPDWHVFRXOGKDYHEHHQHVWDEOLVKHGE\UHSHDWHGPHDO
WROHUDQFHWHVWVZLWKWKHKD\ODJHGLHWVXVHGLQVWXG\,97KLVZDVKRZHYHUQRW


SRVVLEOHGXHWRFRVWVDQGZRUNORDG7KHUHIRUHZHFRXOGQRWXVHWKHPRGHOWKDW
LQWHUSUHWVPHDVXUHPHQWHUURUV LQ WKHGHSHQGHQWDQG LQGHSHQGHQWYDULDEOHV IRU
GDWD LQ VWXG\ ,9 ,QVWHDG VLPSOH OLQHDU UHJUHVVLRQV DFFRXQWLQJ IRU
PHDVXUHPHQWVHUURULQWKHGHSHQGHQWYDULDEOHRQO\ZHUHXVHGWRHYDOXDWHWKH
UHODWLRQVKLS EHWZHHQ ORJWUDQVIRUPHG LQVXOLQ GDWD GHULYHG IURP WKH PHDO
WROHUDQFHWHVWDJDLQVW,67KHGDWDZHUHQRWWHVWHGIRUDUHFWDQJXODUK\SHUEROLF
UHODWLRQVKLSSHUVH+RZHYHUWKHUHJUHVVLRQFRHIILFLHQWVȕIRU0:DQG+:
KD\ODJHZKHQFRUUHODWHGWRPHDVXUHVRI,6ZHUHDQGUHVSHFWLYHO\
ZKLFKLVIDUIURP7KXVWKHPHDOWROHUDQFHWHVWXVLQJKD\ODJHGLHWVSURYLGHV
OHVV DFFXUDWH HVWLPDWHV RI WKH ȕFHOO UHVSRQVH WKDQ WKH267 7KLV GLIIHUHQFH
EHWZHHQWHVWVFRXOGEHUHODWHGWRDODUJHULPSDFWRISK\VLRORJLFDOIDFWRUVVXFKDV
JDVWULFHPSW\LQJDQGLQFUHWLQHIIHFWVZKHQIHHGLQJDIRUDJHGLHWFRPSDUHGWR
DGPLQLVWUDWLRQRIDQRUDOEROXVRIVXJDUV\UXS
,PSDLUHG IXQFWLRQRI WKH HQWHURLQVXODU D[LV UHODWHG WRGHIHFW VHFUHWLRQ DQG
DFWLRQRIWKHLQFUHWLQKRUPRQHJOXFDJRQOLNHSHSWLGH*/3KDVEHHQVKRZQ
LQKXPDQVZLWKW\SH,,GLDEHWHVPHOOLWXV1DXFN et al.7RIW1LHOVHQ et al.
9LOVE¡OO et al.*OXFDJRQOLNHSHSWLGHKDVEHHQDQDO\]HGLQKRUVHV
EXW WKH LQVXOLQRJHQLFHIIHFW LVSRRUO\FKDUDFWHUL]HG&RQFHQWUDWLRQVRI*/3
KDYHEHHQIRXQGWRFRUUHODWHWRSRVWSUDQGLDOLQVXOLQFRQFHQWUDWLRQVLQUHVSRQVH
WRDPHDOULFKLQ16&%DPIRUG et al.RUDQLQIHHG2*77LQKRUVHVZLWK
,' 'H /DDW et al.  ,Q FRQWUDVW D UHFHQWO\ SHUIRUPHG VWXG\ IDLOHG WR
GHPRQVWUDWH GLIIHUHQFHV LQ */3 FRQFHQWUDWLRQV GXULQJ DQ 267 EHWZHHQ
KHDOWK\ KRUVHV DQG KRUVHVZLWK (06 LQ VSLWH RI GLIIHUHQFHV LQ SRVWSUDQGLDO
LQVXOLQUHVSRQVHEHWZHHQJURXSV&KDPHUR\ et al.,WKDVEHHQVXJJHVWHG
WKDWSRVWSUDQGLDOK\SHULQVXOLQHPLDPLJKWRFFXULQKRUVHVGXHWRDOWHUDWLRQVLQ
WKHHQWHURLQVXODUD[LVZLWKRXWSUHVHQFHRI,5)UDQN	7DGURV'H/DDW 
et al.,QFRQWUDVWWKHGDWDIURPVWXG\,,,DQG,9YHULILHVWKDWSRVWSUDQGLDO
LQVXOLQUHVSRQVHWRRUDOJOXFRVHLVKLJKO\UHODWHGWRWKHKRUVH¶V,63URQRXQFHG
K\SHULQVXOLQHPLDDIWHUDQRUDOJOXFRVHORDGLQKRUVHVZLWKQRUPDO,6ZLOOFDXVH
K\SRJO\FHPLD 7KHUHIRUH LW LV OLNHO\ WKDW DQ DEQRUPDO SRVWSUDQGLDO LQVXOLQ
UHVSRQVHZLOOEHDFFRPSDQLHGE\DQFRPSHQVDWRU\GHFUHDVHLQ,6WRSUHYHQWWKH
RFFXUUHQFHRIK\SRJO\FHPLD&RUNH\D&RUNH\E:KHWKHURUQRW
,5 LQKRUVHV LV WKHSULPDU\ UHTXLVLWHRU WKHDGDSWLYH UHVSRQVH WRSRVWSUDQGLDO
K\SHULQVXOLQHPLDLV\HWWREHHVWDEOLVKHG
 
  


 


7KLV WKHVLV FRQWULEXWHV WR LQFUHDVHG NQRZOHGJH DERXW WKH SDWKRSK\VLRORJ\
FOLQLFDOPDQDJHPHQWDQGUHFRJQLWLRQRIKRUVHVZLWK,5DQGK\SHULQVXOLQHPLD
7KHIROORZLQJVSHFLILFFRQFOXVLRQVFDQEHGUDZQIURPWKHSUHVHQWZRUN

¾ 7KHGLHWDU\FRPSRVLWLRQKDVDODUJHULPSDFWWKDQVKRUWWHUPZHLJKWJDLQ
RQ DOWHUDWLRQV LQ ,6 LQ KRUVHV ZKLFK VXJJHVWV WKDW REHVLW\ LV QRW D
SUHUHTXLVLWHIRUGHYHORSPHQWRI,5LQKRUVHV

¾ 7KH267LVDQHDV\DQGSUDFWLFDOWHVWWKDWFDQEHXVHGLQILHOGVHWWLQJVIRU
GLDJQRVLVRIKRUVHVZLWKSRVWSUDQGLDOK\SHULQVXOLQHPLD7KHWHVWFDQDOVR
EHXVHGWRPRQLWRU,6LQUHVSRQVHWRFOLQLFDOLQWHUYHQWLRQVLQKRUVHVZLWK
VHYHUH,51REUHHGUHODWHGGLIIHUHQFHVLQ267UHVSRQVHVZHUHGHWHFWHG

¾ $UHFWDQJXODUK\SHUEROLFUHODWLRQVKLSZDVIRXQGEHWZHHQLQGLFHVRIȕFHOO
UHVSRQVHGHULYHGIURPWKH267DQGTXDQWLWDWLYHPHDVXUHVRI,6IURPWKH
(+&7KLVMXVWLILHVWKHXVHRI',DVDPHDVXUHRISDQFUHDVIXQFWLRQDOLW\
LQKRUVHVXQGHUVSHFLILFFRQGLWLRQV7KHUHVXOWVDOVRFRQILUPWKDWWKH267
SULPDULO\LVDWHVWWKDWHVWLPDWHVWKHȕFHOOUHVSRQVHUDWKHUWKDQ,6

¾ 7KHSRVWSUDQGLDO LQVXOLQ UHVSRQVHGHSHQGVRQERWK WKH16&FRQWHQW LQ
IRUDJH DQG WKH KRUVH¶V ,6 EXW WKH HIIHFW RI ,6 LV GLPLQLVKHGZKHQ WKH
IRUDJH 16& FRQWHQW LV ORZ 7KLV LPSOLHV WKDW KRUVHV ZLWK ,5 DQG DQ
DXJPHQWHGȕFHOOUHVSRQVHVKRXOGEHIHGDIRUDJHGLHWZLWKORZFRQWHQW
RI 16& LQ RUGHU WR GHFUHDVH WKH ULVN IRU ODPLQLWLV %UHHG UHODWHG
GLIIHUHQFHV LQ WKHHDUO\SRVWSUDQGLDOJOXFRVHDQG LQVXOLQ UHVSRQVHZHUH
IRXQG
 
 &RQFOXGLQJUHPDUNV
  




7KURXJKWKHZRUNRIWKLVWKHVLVZHKDYHHOXFLGDWHGDVSHFWVRIHTXLQH,5DQG
SRVWSUDQGLDO LQVXOLQ UHVSRQVH +RZHYHU VHYHUDO TXHVWLRQV UHPDLQ WR EH
DQVZHUHGLQIXWXUHVWXGLHV2XUUHVXOWVVKRZWKDWVKRUWWHUPREHVLW\SHUVHGRHV
QRW GHFUHDVH ,6 LQ KRUVHV LQ DJUHHPHQW ZLWK UHVXOWV IURP RWKHU VWXGLHV ,I D
FKURQLF VWDWH RI REHVLW\ KDV LPSOLFDWLRQV LQ WKHSDWKRJHQHVHVRI ,5 LQKRUVHV
ZDUUDQWV IXUWKHU LQYHVWLJDWLRQ 7KH 267 FDQ EH XVHG WR HVWLPDWH WKH ȕFHOO
UHVSRQVHLQKRUVHVDQGDSSHDUVWREHDYDOXDEOHILHOGWHVWIRULGHQWLILFDWLRQRI
KRUVHVZLWK,'+RZHYHUIXUWKHUUHILQHPHQWVRI WKH267PXVWEHFRQVLGHUHG
LQFOXGLQJDVVHVVPHQWRIRSWLPDOGRVHRIJOXFRVHV\UXSRSWLPDOGLDJQRVWLFFXW
RIIFRQFHQWUDWLRQDVZHOODVEUHHGUHODWHGFKDUDFWHULVWLFVLQWKHUHVSRQVH)XWXUH
UHVHDUFK RQ GLDJQRVWLFPHWKRGV IRU ,' LQ KRUVHV VKRXOG EH DLPHG DW LGHQWLI\
PHWKRGV WKDW UHFRJQL]H LQGLYLGXDOV WKDW DUH FORVH WR GHYHORSLQJ ,5 DQG
K\SHULQVXOLQHPLDEHWWHUWKDQWKHFXUUHQW267,WLVDOVRQHFHVVDU\WRLQYHVWLJDWH
LIDUHFWDQJXODUK\SHUEROLFUHODWLRQVKLSEHWZHHQWKH)6,*77GHULYHG$,5JDQG
6LFDQEHIRXQGLQKRUVHVWRMXVWLI\WKHXVHRI',GHULYHGIURPWKH)6,*77DVD
PHDVXUHRISDQFUHDVIXQFWLRQDOLW\
7KHUHDUHVWLOOVHYHUDOTXHVWLRQVWREHDQVZHUHGRQWKHSDWKRJHQHVLVRIHTXLQH
K\SHULQVXOLQHPLDDQG,5LQFOXGLQJWKHUROHRIJDVWURLQWHVWLQDOIDFWRUVVXFKDV
DOWHUDWLRQVLQWKHLQWHVWLQDOJOXFRVHDEVRUSWLRQDQGLQFUHWLQHIIHFWV7RHOXFLGDWH
WKH SRWHQWLDO UROH RI LQFUHWLQ KRUPRQHV LQ WKH SDWKRJHQHVLV RI ,' LQ KRUVHV
HYDOXDWLRQ RI HTXLQH VSHFLILF DVVD\V DVZHOO DVPHDVXUHPHQWV RI WKH LQFUHWLQ
HIIHFWDUHZDUUDQWHG,QFUHDVHGNQRZOHGJHDERXWWKHVHXQGHUO\LQJPHFKDQLVPV
RI,'LQKRUVHVLVQHFHVVDU\WRGHFLGHZKLFKGLDJQRVWLFPHWKRGVPRVWDFFXUDWHO\
LGHQWLI\ WKHVH KRUVHV 7KXV LI WKH SULPDU\ GHILFLHQF\ LV UHODWHG WR DQ DOWHUHG
LQFUHWLQHIIHFWWKH267DWHVWWKDWHVWLPDWHVWKHȕFHOOUHVSRQVHLVSHUKDSVQRW
WKH PRVW LGHDO ILHOG WHVW IRU LGHQWLILFDWLRQ RI ODPLQLWLVSURQH LQGLYLGXDOV
3RVVLEO\ RWKHU RUDO JOXFRVH WHVWV WKDW PRUH HIILFLHQWO\ VWLPXODWH WKH LQFUHWLQ
HIIHFWVXFKDVPHDOWROHUDQFHWHVWVFRXOGSURYHPRUHEHQHILFLDO
 )XWXUHFRQVLGHUDWLRQV
  

7KH (06SKHQRW\SH LV PRUH IUHTXHQWO\ UHFRJQL]HG LQ FHUWDLQ EUHHGV RI
KRUVHV DQG SRQLHV DQG VHYHUDO SUHYLRXVO\ SHUIRUPHG VWXGLHV KDYH LGHQWLILHG
EUHHG UHODWHG GLIIHUHQFHV LQ LQVXOLQ G\QDPLFV +RZHYHU LQ WKH SUHVHQFH RI
FRQIRXQGLQJLQQDWHHJDJHDQGHQYLURQPHQWDOIDFWRUVHJGLHWDQGH[HUFLVHV
LWDSSHDUVWKDWVWXGLHVRQODUJHUSRSXODWLRQVRIKRUVHVHYDOXDWHGXQGHUFRQWUROOHG
FRQGLWLRQV DUH QHFHVVDU\ WR HQDEOH LGHQWLILFDWLRQ RI EUHHG UHODWHG PHWDEROLF
IHDWXUHV LQ LQVXOLQG\QDPLFV2QHILQDO LQWHUHVWLQJDVSHFW WKDWUHTXLUHVIXUWKHU
FRQVLGHUDWLRQLVWKDWKRUVHVIRUVRPHUHDVRQDSSHDUWREHSURWHFWHGIURPȕFHOO
H[KDXVWLRQG\VIXQFWLRQ DV WKH\ VHOGRP SURJUHVV IURP FRPSHQVDWHG WR
GHFRPSHQVDWHG,57KLVLVLQFRQWUDVWWRKXPDQVDQGFDWVWKDWFRPPRQO\VXIIHU
IURP GHFRPSHQVDWHG ,5 LPSDLUHG JOXFRVH WROHUDQFH DQG W\SH ,, GLDEHWHV
PHOOLWXV6WXGLHVLQYHVWLJDWLQJWKHIXQFWLRQRIWKHSDQFUHDVLQGLIIHUHQWEUHHGV
DQG VSHFLHV FRXOG SRVVLEO\ LQFUHDVH WKH XQGHUVWDQGLQJ RI ,5 DQG ȕFHOO
G\VIXQFWLRQLQDODUJHUFRQWH[W

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)nQJ lU HWW WLOOVWnQG VRPGUDEEDU KlVWHQVKRYRFK VRP LPnQJD IDOO OHGHU WLOO
EHVWnHQGHVPlUWDKlOWDRFKLYlUVWDIDOODYOLYQLQJ)nQJNDQXSSVWnWLOOI|OMGDY
PnQJDROLNDVMXNGRPDUKRVKlVWPHQHQDYGHYDQOLJDVWHRUVDNHUQDlUHQREDODQV
L KlVWHQV LQVXOLQUHJOHULQJ QlPOLJHQ LQVXOLQUHVLVWHQV RFK K\SHULQVXOLQHPL
,QVXOLQlUHWWKRUPRQVRPUHJOHUDUEORGVRFNUHWHIWHULQWDJDYI|GD9LGQRUPDO
LQVXOLQNlQVOLJKHWVWLPXOHUDVNURSSHQVFHOOHUDWW WDXSSJOXNRVRFKEORGVRFNUHW
I|UEOLUGlUPHGVWDELOWHIWHUI|GRLQWDJ9LGLQVXOLQUHVLVWHQVVYDUDULQWHNURSSHQV
FHOOHUQRUPDOWSnGHWLQVXOLQVRPXWV|QGUDVHIWHUI|GRLQWDJ)|UDWWI|UPnFHOOHUQD
DWWWDXSSJOXNRVHQIUnQEORGHWNRPSHQVHUDVGHQQHGVDWWDLQVXOLQNlQVOLJKHWHQDY
HQ|NDGXWV|QGULQJDYLQVXOLQWLOOEORGHW'HWWDVNDSDUHWWWLOOVWnQGDYRQRUPDOW
K|JDLQVXOLQNRQFHQWUDWLRQHULEORGHWNDOODWK\SHULQVXOLQHPL*HQRPDWWLVWXGLHU
WLOOI|UDLQVXOLQLK|JDNRQFHQWUDWLRQHUWLOOKlVWHQVEORGKDUPDQLQGXFHUDWInQJ
KRV WLGLJDUH IULVND LQGLYLGHU 'HWWD YLVDU DWW GHW ILQQV HQ NRSSOLQJ PHOODQ
K\SHULQVXOLQHPLRFKXWYHFNOLQJDYInQJ0HWDEROWV\QGURPKRVKlVWlYHQNDOODW
HNYLQWPHWDEROW V\QGURP (06 lU HWW VDPOLQJVEHJUHSS VRPDQYlQGV I|U DWW
EHVNULYDKlVWDUPHGHQ|NDGULVNI|UDWWXWYHFNODInQJ%nGHLQVXOLQUHVLVWHQVRFK
K\SHULQVXOLQHPL OLNVRP IHWPD KDU EHVNULYLWV VRP KXYXGNRPSRQHQWHU L
VMXNGRPVNRPSOH[HW(060DQKDUXQGHUnUHQVORSSQRWHUDWDWWSRQQ\UDVHUVn
VRPUXVVRFKVKHWODQGVSRQQ\HUVDPWXUVSUXQJOLJDKlVWUDVHUVnVRPLVODQGVKlVWDU
RIWDUHGUDEEDVDY(06MlPI|UWPHGWH[WUDYRFKJDORSSKlVWDU'HWILQQVGlUI|U
WHRULHU RP HQ JHQHWLVN EDNJUXQGVRUVDN WLOO (06 , GDJVOlJHW lU NXQVNDSHQ
EHJUlQVDGRPUHODWLRQHQPHOODQGHROLNDNRPSRQHQWHUQDVRPLQJnUL(06
'HW|YHUJULSDQGHPnOHWPHGGHQQDDYKDQGOLQJYDUXQGHUV|NDIDNWRUHUVRP
SnYHUNDU KlVWHQV LQVXOLQNlQVOLJKHW VDPW DWW XQGHUV|ND UHODWLRQHQ PHOODQ
LQVXOLQUHVLVWHQV RFK K\SHULQVXOLQHPL (WW \WWHUOLJDUH PnO YDU DWW XWYHFNOD HWW
HQNHOWGLDJQRVWLVNWWHVWI|U(06
)HWPDlUHWWYDQOLJWI|UHNRPPDQGHSUREOHPKRVKlVWDU|YHUKHODYlUOGHQRFK
DQWDOHWIHWDKlVWDUW\FNV|NDLWDNWPHGDWWYlOIlUGVVDPKlOOHWEUHGHUXWVLJ+RV
PlQQLVND KDU PDQ YLVDW DWW IHWPD lU VWDUNW ELGUDJDQGH WLOO XWYHFNODQGH DY
3RSXOlUYHWHQVNDSOLJVDPPDQIDWWQLQJ
  

LQVXOLQUHVLVWHQV RFK W\S ,, GLDEHWHVPHOOLWXV+RVKlVW KDUPDQ QRWHUDW DWW GH
LQGLYLGHUVRPOlWWGUDEEDVDYLQVXOLQUHVLVWHQVRFKInQJLVWRUXWVWUlFNQLQJlYHQ
lU |YHUYLNWLJD HOOHU IHWD *HQRP DWW EDQWD GHVVD LQGLYLGHU KDU PDQ YLVDW DWW
LQVXOLQUHVLVWHQVHQPLQVNDUGYVLQVXOLQNlQVOLJKHWHQI|UElWWUDV6nOHGHVILQQVGHW
YHWHQVNDSOLJDEHYLVI|UDWWIHWPDlUNRSSODWWLOOLQVXOLQUHVLVWHQVlYHQKRVKlVW
PHQRPIHWPDlUJUXQGRUVDNHQWLOODWWKlVWDUXWYHFNODU LQVXOLQUHVLVWHQVlU LQWH
NlQW$WWXWIRGUDKlVWDUPHGHQGLHWVRPLQQHKnOOHUVWRUDPlQJGHUVRFNHURFK
VWlUNHOVH NDQ OHGD WLOO LQVXOLQUHVLVWHQV RFK K\SHULQVXOLQHPL +|JD QLYnHU DY
VRFNHURFKVWlUNHOVHILQQVIUDPI|UDOOWLROLNDW\SHUDYNUDIWIRGHU9LVWXGHUDGH
KXUYLNWXSSJnQJSnYHUNDULQVXOLQNlQVOLJKHWHQKRVKlVWJHQRPDWWXWIRGUDHQGLHW
PHGOnJWLQQHKnOODYVRFNHUEHVWnHQGHDYHWWYDOOIRGHUK|VLODJHOXVHUQSHOOHWV
RFKROMD'HQQDGLHWXWIRGUDGHVLPlQJGHUVRPPRWVYDUDGHJnQJHUKlVWDUQDV
QlULQJVEHKRY 0nOHW YDU DWW XQGHUV|ND HIIHNWHQ DY IHWPD XWDQ HQ VDPWLGLJ
SnYHUNDQDYHQGLHWPHGK|JWVRFNHURFKVWlUNHOVHLQQHKnOO$OODKlVWDULVWXGLHQ
|NDGH PHG FD  L YLNW XQGHU H[SHULPHQWHW XWDQ DWW LQVXOLQNlQVOLJKHWHQ
I|UVlPUDGHV
$WWPlWDJUDGHQ DY LQVXOLQUHVLVWHQVKRVKlVW lU NRPSOLFHUDW RFKGHW NUlYV
DYDQFHUDG XWUXVWQLQJ P\FNHW WLG RFK YlOWUlQDG SHUVRQDO 0|MOLJKHWHUQD DWW
GLDJQRVWLVHUD KlVWDUPHG LQVXOLQUHVLVWHQV RFK HQ |NDG ULVN I|U InQJ L IlOW KDU
GlUI|UKLVWRULVNWVHWWYDULWEHJUlQVDGH)|UDWWInHQLQGLNDWLRQSnRPKlVWHQlU
LQVXOLQUHVLVWHQWKDUPDQWLGLJDUHDQYlQWVLJDYHQNODIDVWHSURYHUEORGSURYVRP
WDVLQQDQPRUJRQXWIRGULQJI|UPlWQLQJDYJOXNRVRFKLQVXOLQNRQFHQWUDWLRQHU
,QIRUPDWLRQHQPDQHUKnOOHUIUnQHWWVnGDQWSURYlUGRFNP\FNHWEHJUlQVDGRFK
GHWILQQVULVNI|UDWWLQVXOLQUHVLVWHQVRFKK\SHULQVXOLQHPLKRVLQGLYLGHQPLVVDV
)|UDWWElWWUHNXQQDLGHQWLILHUDLQGLYLGHUPHGULVNI|UInQJSnJUXQGDYQHGVDWW
LQVXOLQNlQVOLJKHWVNDSDGHYLHWWWHVWGlUPDQJHUHQVRFNHUVLUDSLKlVWHQVPXQ
I|OMW DY EORGSURYVWDJQLQJ NDOODW RUDOW VRFNHUWHVW 267 (WW 267 KlUPDU HQ
XWIRGULQJVVLWXDWLRQ RFK JHU DOOWVn LQIRUPDWLRQ RP KXUXYLGD KlVWHQ InU
K\SHULQVXOLQHPLHIWHU LQWDJDYI|GD'MXUlJDUHQJHUVMlOYKlVWHQVRFNHUVLUDS L
PXQQHQSnPRUJRQHQHIWHUIDVWDXQGHUQDWWHQYDUWHIWHUYHWHULQlUHQNRPPHURFK
WDUHWWEORGSURYVRPDQDO\VHUDVI|UJOXNRVRFKLQVXOLQNRQFHQWUDWLRQHU'HQQD
PHWRGYDUUHGDQXWYHFNODGL86$PHQGHQVRFNHUVLUDSPDQDQYlQGHUGlUJnU
LQWH N|SD L 6YHULJH 'HQ VRFNHUVLUDS YL YDOGH WLOO YnUW WHVW 'DQVXNNHU
JO\NRVVLUDSILQQVDWWN|SDLGHIOHVWDPDWDIIlUHU*HQRPDWWMlPI|UDUHVXOWDWIUnQ
HQ267PHOODQIULVNDKlVWDURFKKlVWDUPHG(06NXQGHYLNRQVWDWHUDDWWGHQQD
HQNOD PHWRG NDQ DQYlQGDV I|U DWW VlUVNLOMD IULVND KlVWDU IUnQ KlVWDU PHG
LQVXOLQUHVLVWHQVRFKK\SHULQVXOLQHPL
)|U DWW |ND I|UVWnHOVHQ I|U UHODWLRQHQ PHOODQ LQVXOLQUHVLVWHQV RFK
K\SHULQVXOLQHPLKRVKlVWMlPI|UGHYLLQVXOLQNRQFHQWUDWLRQHUIUnQ267QPHGHQ
DYDQFHUDG GLDJQRVWLVNPlWPHWRG I|U LQVXOLQUHVLVWHQV9L NXQGH JHQRPGHQQD


VWXGLHEHNUlIWDDWWLQVXOLQUHVLVWHQVRFKK\SHULQVXOLQHPLlUEHURHQGHDYYDUDQGUD
RFK DWW JUDGHQ DY LQVXOLQUHVLVWHQV NRPPHU YDUD DYJ|UDQGH I|U RPKlVWHQ InU
K\SHULQVXOLQHPL HIWHU XWIRGULQJ 'HWWD LQQHElU DWW HQ KlVW VRP KDU NUDIWLJ
LQVXOLQUHVLVWHQVRFNVnNRPPHUKDHQNUDIWLJK\SHULQVXOLQHPLPHQI|UKnOODQGHW
lULQWHOLQMlUW2PPDQKRVGHQQDLQGLYLGNDQXSSQnHQGDVWHQOLWHQI|UElWWULQJ
DY LQVXOLQNlQVOLJKHWHQ WH[ JHQRPGLHWnWJlUGHU VnPHGI|U GHWWD HQPDUNDQW
VlQNQLQJDYK\SHULQVXOLQHPLQ'HWWDPLQVNDUVnOHGHVULVNHQI|UDWWKlVWHQVND
GUDEEDVDYInQJHIWHUVRPInQJXSSVWnUWLOOI|OMGDYK\SHULQVXOLQHPL
6RPWLGLJDUHGLVNXWHUDWVlULQVXOLQUHVLVWHQVRFKK\SHULQVXOLQHPLNRSSODWWLOO
LQWDJ DY IRGHUPHGHO PHG K|JW LQQHKnOO DY VRFNHU RFK VWlUNHOVH *HQRP DWW
XWIRGUD HQ YDOOIRGHUGLHW XWDQ WLOOlJJ DY VRFNHU RFK VWlUNHOVHULND NUDIWIRGHU
PLQVNDUPDQGlUPHGKlVWHQVWRWDODVRFNHULQWDJ'RFNLQQHKnOOHUlYHQYDOOIRGHU
VRFNHURFKGHWILQQVLGDJVOlJHWEHJUlQVDGLQIRUPDWLRQRPKXUVRFNHULQQHKnOOHW
LYDOOIRGHUSnYHUNDUKlVWHQVLQVXOLQUHJOHULQJ'HQQXYDUDQGHUHNRPPHQGDWLRQHQ
lU DWWXWIRGUDKlVWDUPHG ULVN I|UK\SHULQVXOLQHPLRFK InQJHWWYDOOIRGHUPHG
PD[LPDOW  ±  VRFNHU RFK VWlUNHOVH L WRUUVXEVWDQVHQ WV 9DOOIRGHU
SURGXFHUDGH L 6YHULJH LQQHKnOOHU LQWH VWlUNHOVH YDUI|U JUlQVHQ I|U VYHQVND
I|UKnOODQGHQPRWVYDUD  ±  VRFNHU PHU VSHFLILNW NDOODW:6& L WV 9L
XQGHUV|NWH LQVXOLQNRQFHQWUDWLRQHUQD KRV IULVND KlVWDU HIWHU XWIRGULQJPHG WUH
ROLNDK|VLODJHPHGOnJWPHGHORFKK|JWLQQHKnOODY:6&
9LXQGHUV|NWHlYHQKlVWDUQDVLQVXOLQNlQVOLJKHWPHGHQDYDQFHUDGGLDJQRVWLVN
PlWPHWRG5HVXOWDWHQYLVDGH DWW LQVXOLQNRQFHQWUDWLRQHUQD HIWHUXWIRGULQJPHG
K|VLODJHPHGPHGHOHOOHUK|JWVRFNHULQQHKnOOYDUK|JUHMlPI|UWPHGQlUK|VLODJH
PHG OnJW VRFNHULQQHKnOO XWIRGUDGHV bYHQ KlVWHQV LQVXOLQNlQVOLJKHW YDU
EHW\GDQGHI|UKXUK|JLQVXOLQNRQFHQWUDWLRQHQYDUHIWHUXWIRGULQJPHGK|VLODJH
PHG PHGHO RFK K|JW VRFNHULQQHKnOO 'HQQD HIIHNW NXQGH GRFN LQWH VHV QlU
K|VLODJHPHGOnJWVRFNHULQQHKnOOXWIRGUDGHV'HWWDLQQHElUDWWRPPDQXWIRGUDU
HQ UHGDQ LQVXOLQUHVLVWHQW KlVW PHG HWW YDOOIRGHU PHG OnJW VRFNHULQQHKnOO Vn
PLQVNDUULVNHQI|UDWWK\SHULQVXOLQHPLRFKInQJVNDXWYHFNODV
6DPPDQIDWWQLQJVYLVKDUGHWWDSURMHNW|NDWNXQVNDSHQRPUHODWLRQHQPHOODQ
IHWPDXWIRGULQJLQVXOLQUHVLVWHQVRFKK\SHULQVXOLQHPLKRVKlVWVDPWVNDSDWHWW
GLDJQRVWLVNW WHVW VRP NDQ LGHQWLILHUD LQGLYLGHU PHG (06 XQGHU IlOWPlVVLJD
I|UKnOODQGHQ5HVXOWDWHQLQGLNHUDUDWWIHWPDLQWHlUGHQSULPlUDRUVDNHQWLOODWW
KlVWDUXWYHFNODULQVXOLQUHVLVWHQVVDPWDWWLQVXOLQUHVLVWHQVlUDYJ|UDQGHI|URP
K\SHULQVXOLQHPLXSSVWnU HIWHU XWIRGULQJ)|U LQVXOLQUHVLVWHQWDKlVWDU lU GHW HQ
YLNWLJ nWJlUG DWW KD HQ OnJKDOW DY VRFNHU RFK VWlUNHOVH L IRGHUVWDWHQ I|U DWW
PLQVNDULVNHQI|UK\SHULQVXOLQHPLRFKGlUPHGlYHQI|UInQJ
 
  




7KHZRUNLQFOXGHGLQWKLVWKHVLVZDVSHUIRUPHGDWWKH'HSDUWPHQWRI&OLQLFDO
6FLHQFHV)DFXOW\RI9HWHULQDU\0HGLFLQHDQG$QLPDO6FLHQFH6/8)LQDQFLDO
VXSSRUW ZDV JHQHURXVO\ SURYLGHG E\ WKH UHVHDUFK SODWIRUP )XWXUH $QLPDO
+HDOWK DQG :HOIDUH SURJUDP )$+: $GGLWLRQDO ILQDQFLDO VXSSRUW ZDV
SURYLGHGE\WKH6ZHGLVK1RUZHJLDQ)RXQGDWLRQIRU(TXLQH5HVHDUFKDVZHOO
DV E\ VFKRODUVKLSV SURYLGHG E\ WKH )DFXOW\ RI 9HWHULQDU\ 0HGLFLQH DQG
$QLPDO 6FLHQFH 'MXUYlQQHUQDV )|UHQLQJ L 6WRFNKROP DQG 0LFKDHO
)RUVJUHQVVWLIWHOVH

, DP WUXO\ JUDWHIXO WR DOO RI WKHKRUVH RZQHUV DQG WR DOO RIP\KHOSIXO DQG
WDOHQWHGFROOHDJXHVWKDWKDYHFRQWULEXWHGWRWKHFRPSOHWLRQRIWKLVWKHVLV,DP
DOVRJUDWHIXOWRP\IDPLO\DQGP\IULHQGVWKDWKDYHVXSSRUWHGPHGXULQJWKHVH
\HDUVRIKDUGZRUN,ZRXOGHVSHFLDOO\OLNHWRH[SUHVVP\JUDWLWXGHWR

-RKDQ%U|MHUPDLQVXSHUYLVRUIRULQWURGXFLQJPHLQWRWKHLQWHUHVWLQJILHOGRI
HTXLQHHQGRFULQRORJ\<RXUJUHDWH[SHULHQFHZLWKLQWKLVUHVHDUFKWRSLFKDVEHHQ
LQYDOXDEOHWRPHDQG\RXUWKRURXJKQHVVLQUHVHDUFKDQGLQWKHZULWLQJSURFHVV
KDVHQFRXUDJHGPHWRSHUIRUPP\ZRUNZLWKDWWHQWLRQDQGDFFXUDF\,DSSUHFLDWH
DOOWKHLQWHUHVWLQJDQGFKDOOHQJLQJVFLHQWLILFGLVFXVVLRQVDVZHOODVWKHIXQWLPHV
ZHKDYHKDGWRJHWKHUGXULQJWKH\HDUV<RXULPLWDWLRQVRI&DUO%LOGWDQGRWKHU
LQWHUHVWLQJSHUVRQDOLWLHVUHDOO\PDGHLWIXQWRZRUNHYHQDW$0%HVLGHVEHLQJ
IXQQ\\RXDUHDOVRRQHRIWKHPRVWFDULQJSHUVRQV,KDYHHYHUPHW,WKDVWUXO\
EHHQDSULYLOHJHWRKDYH\RXDVP\FRDFKGXULQJWKHVH\HDUV-RKDQ

.DWDULQD1RVWHOOFRVXSHUYLVRUIRU\RXUHQJDJHPHQWDQGSDUWLFLSDWLRQLQP\
SURMHFWDQGIRUWKHYDOXDEOHPDQXVFULSWIHHGEDFN,DGPLUH\RXUSRVLWLYHHQHUJ\
\RXUVWUDLJKWIRUZDUGDSSURDFKDQG\RXUDELOLW\WRDFWDQGPDNHGHFLVLRQV,DOVR
DSSUHFLDWH\RXUFRQFHUQIRUPHDVDFROOHDJXHDQGDVDIULHQG,KDYHDOZD\VIHOW
WKDW,FDQWDONWR\RXDERXWWKLQJVWURXEOLQJPH,DPJUDWHIXOIRUDOOWKHIXQWLPHV
$FNQRZOHGJHPHQWV
  

ZHKDYHKDGWRJHWKHUGXULQJWKHGLIIHUHQWUHVHDUFKSURMHFWVDQG,UHDOO\KRSHWKLV
LVMXVWWKHEHJLQQLQJ

&HFLOLD 0OOHU FRVXSHUYLVRU IRU JHQXLQHO\ VXSSRUWLQJ P\ ZRUN DQG IRU
SDWLHQWO\WHDFKLQJPHDERXWHTXLQHQXWULWLRQ7KDQN\RXIRUDOOWKHLQWHUHVWLQJ
LQWHUGLVFLSOLQDU\GLVFXVVLRQVZHKDYHKDGDQGIRUWKHYDOXDEOHPDQXVFULSWIHHG
EDFN,DSSUHFLDWHKRZ\RXDOZD\VILQGWLPHIRUPHZKHQHYHU,QHHGWRGLVFXVV
SUREOHPVWKDWPLJKWKDYHDULVHQ

0DULDQQH -HQVHQ:DHUQ FRVXSHUYLVRU IRU JHQHURXVO\ VKDULQJ \RXU JUHDW
NQRZOHGJHZLWKLQWKHILHOGRIHQGRFULQRORJ\7KDQN\RXIRUDOZD\VHQFRXUDJLQJ
PHWRWKLQN³ELJ´DQGRXWVLGHWKHER[DQGIRU\RXUFRQFHUQIRUPHDQGIRUP\
FRPLQJFDUHHU

$QQD6WLQD3HUVVRQ-HVVLFD+HGHQVNRJ,GD$VNHUIHOW$QQD6YHQVVRQDQG
0DOLQ=DKQIRURUJDQL]LQJDQGFRRUGLQDWLQJWKHFOLQLFDOWULDOVSHUIRUPHGLQWKH
ILHOGDQGIRUH[FHOOHQWWHFKQLFDODVVLVWDQFH

8OI+HGHQWU|P0DOLQ&RQQ\VVRQDQG(PHOLH*UDQO\FNHIRU\RXUNLQGKHOS
GXULQJWKHVWXG\SHUIRUPHGDWWKH6ZHGLVK+RUVH,QGXVWU\)RXQGDWLRQ:nQJHQ

-HVSHU2UGHOOIRU\RXUDVVLVWDQFHDQGNLQGFRQWULEXWLRQRIWKHIRUDJHXVHGLQ
VWXG\,9

-HQQ\ +HGHQE\ 3HWUD -RKDQVVRQ 0RD %HUJJUHQ (OLQ +HGLQ (OOHQ
:LQTYLVW&DPLOOD$QJHU0LPPL7|UQTYLVW+DQQD(GEHUJDQG0LNDHOD
0nUWHQVVRQIRUPHUYHWHULQDU\VWXGHQWVIRU\RXUSDUWLFLSDWLRQLQWKHGLIIHUHQW
SURMHFWVLQFOXGHGLQWKLVWKHVLV,WZRXOGQRWKDYHEHHQSRVVLEOHWRFRPSOHWHDOO
RIWKHVHFOLQLFDOH[SHULPHQWVZLWKRXW\RXUKHOS,DPVRJUDWHIXOWRDOORI\RX

,.($8SSVDODIRUWKHJHQHURXVGRQDWLRQRI,.($EDJVXVHGIRUSDFNLQJRI
WKHKRUVHV¶LQGLYLGXDOKD\ODJHUDWLRQVGXULQJVWXG\,9

&DUROLQH%U|MHUPDUULHGWR-RKDQ%U|MHUIRU\RXUSDWLHQFHZLWKDOOWKHZRUN
RXWVLGHRIILFHKRXUVLWVXUHKDVEHHQDORWRIWKHPGXULQJWKHVH\HDUV,DPDOVR
HQRUPRXVO\JUDWHIXOIRU\RXUKHOSZLWKWKHSURRIUHDGLQJRIP\DUWLFOHV\RXDUH
IDQWDVWLF

0\ YHWHULQDU\ FROOHDJXHV DW WKH'HSDUWPHQW RI &OLQLFDO 6FLHQFHV WKH KHURHV
WHDFKLQJYHWHULQDU\VWXGHQWVLQHTXLQHPHGLFLQHDQGVXUJHU\/HQD6WU|P2YH


:DWWOH0LLD5LLKLPlNL-RKQ3ULQJOH3LD+DXEUR$QGHUVHQ0DULH5KRGLQ
DQG$QQD6M|EORP,WKDVEHHQDSOHDVXUHZRUNLQJZLWK\RX

$OOP\ IULHQGVDQGFROOHDJXHVDW WKHKRUVHFOLQLF8'6 ,FRXOGQRW ULVN WR
IRUJHWPHQWLRQLQJDQ\RQHE\QDPHVR,MXVWOHDYHLWWKHUH,KDYHKDGVRPXFK
IXQZRUNLQJZLWK\RXGXULQJWKHKHFWLFVXPPHUVDQGODWHQLJKWVGHDOLQJZLWK
DFXWHFDVHVDIWHUKRXUV<RXDUHVLPSO\WKHEHVW

.9VWDOO0DUL:DOOEULQJ&DUROD-DQVVRQDQG'HQQLV/DUVVRQIRUEHLQJVR
KHOSIXODQGFKHHUIXOGXULQJP\FOLQLFDOH[SHULPHQWVDWROG.&DQGQHZ9+&

.9ODE$QQD6YHQVVRQDQG$QQORXLVH-DQVVRQIRUSDWLHQWO\KHOSLQJPHLQ
WKHODEDQGIRUVKDULQJ\RXUYDOXDEOHNQRZOHGJH$OVRWKDQN\RXIRU\RXUKHOS
ZLWKP\QHYHUHQGLQJJOXFRVHDQGLQVXOLQDQDO\VHV

6XVDQQH3HWWHUVVRQ$QHWWH)RUVEHUJ$QQLND1\VWU|P=HODO(YHUEULQJ
(OLQRUD-RKDQVVRQDQG0LNDHO5RVHQLXVDWWKHDGPLQLVWUDWLYHGLYLVLRQDWWKH
'HSDUWPHQW RI&OLQLFDO 6FLHQFHV IRU DOO \RXU KHOS FRQFHUQLQJ DGPLQLVWUDWLYH
PDWWHUV

2XU VWDWLVWLFLDQ&ODXGLDYRQ%U|PVVHQ IRU \RXU H[FHOOHQW DQGSURIHVVLRQDO
KHOSZLWKWKHVWDWLVWLFDOPRGHOVXVHGLQVWXG\,,,DQG,9

)HOORZ DQG IRUPHU 3K'VWXGHQWV ,GD +DOOEHUJ $QQD 0DOPVWHQ 'HQLVH
/DVNRZVNL7KHR1WDOOULV.DULQ2ORIVVRQ0DMD:LNOXQG(PHOL7RUVVRQ
)ULGD 0DUWLQ (PPD 3HUVVRQ 6M|GLQ .DWULQD $VN DQG PDQ\ PRUH IRU
LQWHUHVWLQJGLVFXVVLRQVGXULQJFRXUVHVFOLQLFDOZRUNDQGFRIIHHEUHDNV

0\ZRQGHUIXOIRUPHUDQGSUHVHQWFROOHDJXHVLQ³ILNDJlQJHW´0DOLQ+DJEHUJ
*XVWDYVVRQ -HQQ\ /DUVVRQ $QQHWWH %DFNKDQV +DQQD %UHPHU /HQD
3HODQGHU (OLQ 0DQHOO $[HO 6DQQ| )ULGD .DUOVVRQ $QQD :HULQGHU
+HOHQD 3HWWHUVVRQ 'DQLHO %HUJPDQ $QQD +LOOVWU|P (PPD 6WUDJH DQG
8OULND)DONHQ|7KDQN\RX IRUFUHDWLQJD IDPLOLDU HQYLURQPHQWDW9+&DQG
WKDQN\RXIRUDOOWKHIDVFLQDWLQJGLVFXVVLRQVRQGLIIHUHQWVXEMHFWVRIOLIH<RX
PDNHP\GD\HYHU\GD\

0\ URRPLH0DOLQ gKOXQG )LYH DQG D KDOI \HDUV WRJHWKHU WLPH IOLHV ,
DSSUHFLDWHDOOWKHLQWHUHVWLQJGLVFXVVLRQVZHKDYHKDGRQRXUFRPPRQUHVHDUFK
WRSLF:HKDYHOHDUQHGDORWIURPHDFKRWKHUGXULQJWKHVH\HDUVDQGLWKDVWUXO\
EHHQDSOHDVXUH WRXQGHUWDNH WKLVHGXFDWLRQ WRJHWKHUZLWK\RX%HVLGHV WKLV ,
  

KLJKO\YDOXHRXUIULHQGVKLSDQG\RXUNLQGVXSSRUWGXULQJWLPHVZKHQWKLQJVKDYH
EHHQWRXJK,ZLOOPLVV\RXVRPXFK0XOOL

0\ GHDUHVW IULHQGV FROOHDJXHV DQG KHURHV -RVHILQ 6|GHU DQG (OOLQRU
6S|UQGO\1HHVIRUYDOXDEOHKHOSGXULQJP\FOLQLFDOH[SHULPHQWVEXWIRUHPRVW
IRUWDNLQJFDUHRIPHIRUWKH³JRNDIIH´IRUHQFRXUDJLQJPHDQGIRUPDNLQJPH
KDSS\7KHVH\HDUVZRXOGGHILQLWHO\QRWKDYHEHHQWKHVDPHZLWKRXW\RX

:RQGHUIXO (OLQ +HUQOXQG IRU EHLQJ VR FKHHUIXO DQG VXSSRUWLQJ DQG IRU
FRQVWDQWO\ORRNLQJDWOLIHIURPWKHEULJKWVLGH

0\EHORYHGIULHQGVIURP9HWVFKRRO.HUVWLQ$QDJULXV&ODUD$WWHUE\/LVD
/LQGVWU|P(PLOLD:DQJHO$QQD-HQQLH/\QJVPDUN3LD+DIIOLQJ0RQD
+DQV(UV5HJLQD/LQGEHUJ6DQGUD&DQGHIMRUG.DULQ/DQQpU&DUROLQH
2ORIVVRQ 6RILH (OOVWU|P &HFLOLD %M|UNHKDJ ,VDEHOO %M|UNPDQ +DQQD
5DOIH 5HEHFND 1\KOpQ (PPD 7HMOHU 0DGHOHLQH -lUYLQHQ &DPLOOD
$KUHQEULQJ7XYD9DPERUJ/RXLVH%M|UQKHGHQ0DWLOGD:LGPDQ8OULND
-RQVVRQ+HOHQD*XVWDIVVRQ0DUFXV$EUDKPVpQDQG7KRPDV(QJOXQGIRU
DOO WKHIXQWLPHVZHKDYHKDGWRJHWKHUGXULQJWKHSDVW\HDUVDQGIRUJUHDW
IULHQGVKLS(VSHFLDOO\ WKDQN\RX WR.HUVWLQ&ODUD(PLOLD/LVD DQG$QQD
-HQQLH RYHU WKH SKRQH IRU VSHQGLQJ WLPHZLWKPH GXULQJ GLQQHUV DQG GRJ
ZDONVDQGIRUVXSSRUWLQJPHGXULQJP\3K'VWXGLHV

0\KDUGZRUNLQJDQGFRQVWDQWO\EXV\IULHQG0DULH3DWULNVVRQIRUEHLQJDQ
DPD]LQJSHUVRQ,DPVRJUDWHIXOWRKDYHDIULHQGOLNH\RXLQP\OLIH

0DOLQDQG$GULDQ$GHUPRQP\ FUD]\QRQYHWHULQDULDQ IULHQGVDQG ³H[WUD´
IDPLO\IRUWDNLQJFDUHRIPH*XVWDY7DJHDQGWKHGRJVDQGIRUEHLQJWKHPRVW
LQFUHGLEOHSHUVRQV7KDQN\RXIRU\RXUFRPSOHWHODFNRINQRZOHGJHDERXWKRUVHV
DQGYHWHULQDU\PHGLFLQHLWPHDQVDORWWRPH

%M|UQ$YHUKHGDQG/LVD&DUOHJULPIDPLO\DQGFORVHIULHQGVIRUDOO\RXUKHOS
ZLWKOLIHLQJHQHUDODQGIRUVSHQGLQJDORWWLPHZLWKXVDQG7DJH$OVRWKDQN\RX
WRWKHUHVWRIWKH³$YHUKHGFODQ´IRUZHOFRPLQJPHLQWRWKHIDPLO\

0\ FKLOGKRRG IULHQGV $QQD /LQGEODG /LQGD +HGEHUJ :DOOHQVWHLQ DQG
0DULD0DUWLQHOOH IRUDOO WKH IXQZHKDYHKDGJURZLQJXS WRJHWKHU ,DPVR
KDSS\IRUXVNHHSLQJLQFRQWDFWHYHQWKRXJKZHDOODUHEXV\GHDOLQJZLWKWKH
SX]]OHRIOLIH



0DPPDDQG3DSSDIRU\RXUHYHU\GD\VXSSRUWGXULQJP\OLIHXQWLOQRZ<RX
DUHWKHPRVWDPD]LQJSHUVRQVDQG,DPKRUQHGWREH\RXUGDXJKWHU7KDQN\RX
IRUORYLQJPHXQFRQGLWLRQDOO\QRWKLQJZRXOGKDYHEHHQSRVVLEOHZLWKRXW\RX

0\VLVWHU0DOLQZLWKIDPLO\IRUEHLQJDKXJHDQGLPSRUWDQWSDUWRIP\OLIH:H
DOZD\V KDYH VRPXFK IXQ WRJHWKHU DQGZH VKDUH VHYHUDO FKDUPLQJ DQG VRPH
IHZQRWVRFKDUPLQJFKDUDFWHULVWLFV7KDQN\RXIRUOHWWLQJPHEHSDUWRI6WHOODV
DQG9LJJRVOLYHV

0\VLVWHU8OULFDZLWKIDPLO\IRU\RXUFDUHDERXWPHDQGP\IDPLO\,VRPXFK
DSSUHFLDWHKRZFORVHZHKDYHEHFRPHGXULQJWKHUHVHQW\HDUV7KDQN\RXIRU
OHWWLQJEHPHDSDUWRI2VFDUVDQG'DYLGVOLYHV

0\EURWKHU+DQQHV³/LOOLV´IRUEHLQJZKR\RXDUH

/DVWEXWPRVWLPSRUWDQWO\*XVWDYDQG7DJHIRUPDNLQJPHVPLOHHYHU\GD\
DQGIRUPDNLQJPHWUXO\KDSS\7KDQN\RXIRUUHPLQGLQJPHDERXWWKHWKLQJV
WKDWUHDOO\PDWWHUVLQOLIH,ORYH\RXERWKWRELWV 

